© WWW.STUDYNOWPK.COM © 


Unit 1 


al Quantities and Measurement 


t Science is based on 
physical quantitie ich. consist of numerical 


magnitude and a unit. 

differentiate between erived physical 
quantities. 

list the seven units of Sys nternational (SI) 
alongwith their symbols and ical quantities 


qu red). 


(standard definitions of SI units are no 


interconvert the prefixes and their /s 
indicate multiples and sub-multiples for 
and derived units. 


gauge for measuring length. 


identify and explain the limitations of measuring 
instruments such as metre rule, Vernier Callipers 
and screw gauge. Science-VIII 


describe the need using significant figures for 
recording and stating results in the laboratory. 
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Unit 1: Physical Quantities and Measurement 


INVESTIGATION SKILLS 


The students will be able to: 
> compare the least count/ accuracy of the following 
measuring instruments and state their measuring 
range: 


(i) Measuring tape 

(ii) Metre rule 

(iii) Vernier Callipers 

(iv) Micrometer screw gauge 


make a paper scale of given least count e.g. 0.2 cm 
and0.5cm. 


determine the area of cross section of a solid cylinder 
ith Vernier Callipers and screw gauge and evaluate 
ich measurementis more precise. 


When you can measure what 
you are speaking about and i e of an irregular shaped object using 
express it in numbers, you 
know something about it. When 
you cannot measure what you 


are speaking about or you sai quipments in laboratory. 


cannot express it in numbers, I. 
your knowledge is of a meagre SCIENCE, TECHNOLOGY AND SOCIETY 


and of unsatisfactory kind. CONNECTION 


s and rules. 


The students will be able to: 
> determine length, mass, ti 
Lord Kelvin activities using various meas 


lume in daily life 
ing instruments. 


FOR YOUR INFORMATION > list with brief description the, vari ranches of 
| ; physics. 
Man has always been inspired, b onders 
of nature. He has always been curio ow the 
secrets of nature and remained in searc truth 


and reality. He observes various phenome tries 
to find their answers by logical reas 
knowledge gained through observation 


Andromeda is one of the billions 
of galaxies of known universe. 
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Unit 1: Physical Quantities and Measurement 


mentations is called Science. The word science is 


philosophy. But as the knowledge 
increased, jivided into two main streams; Physical 
sciences — which deal with the study of non-living things 
and Biological setemees — which are concerned with the | BRANCHES OF PHYSICS 


Mechanics: 
It is the study of motion of objects, 
Measu rements a i i . | its causes and effects. 


They are part of our lives. y an important role to | Heat: 


. Ww It deals with the nature of heat, 
describe and understa lysical world. Over the | modes of transfer and effects of 


centuries, man has impf i heat. 
measurements. WE Sound: 

: wa é It deals with the physical aspects 
physical quantities and a\ sae . of sound waves, their production, 
instruments. We will also learn the measurir properties and applications. 
that enable us to measure various qué es . | Light (Optics): 

It is the study of physical aspects 
of light, its properties, working 
1.1 INTRODUCTION TO PHY and use of optical instruments. 
i ical Sci Electricity and Magnetism: 
in the nineteenth DEMU phys y P It is the study of the charges at 
were divided into five distinct disciplines; .ohysic rest and in motion, their effects 


chemistry, astronomy, geology and meteorolog e | and their relationship with 
: ~- | magnetism. 


Atomic Physics: 
jaltis the study of the structure and 
principles of Physics help us to understand nature. |\properties of atoms. 


f ; ; f Lap Physics: 
The rapid progress in science during the recent” sħwith the properties and 


years has become possible due to the discoveries and 
inventions in the field of Physics. The technologies are 
the applications of scientific principles. Most of the 
technologies of our modern society throughout the world 
are related to Physics. For example, a car is made on the 
principles of mechanics and a refrigerator is based on the 
principles of thermodynamics. 


In our daily life, we hardly find a device where 
Physics is not involved. Consider pulleys that make 
it easy to lift heavy loads. Electricity is used not only to 
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get light and heat but also mechanical energy that drives fans 


and electric motors etc. Consider the means of transportation 
such as car and aeroplanes; domestic appliances such as air- 
conditioners, refrigerators, vacuum-cleaners, washing 
machines, and microwave ovens etc. Similarly the means of 
communication such as radio, TV, telephone and computer 
are the result of applications of Physics. These devices have 
made our lives much easier, faster and more comfortable than 


Figure 1.1 (a) a vacuum cleaner the past. For example, think of what a mobile phone smaller 


b) a mobile e 
(b) phon an our palm can do? It allows us to contact people anywhere 


DO YOU KNOW? 


1. Why do we 
2. Name any fi 


Wind turbines are used to 
produce pollution free 
electricity. 


says that each bag contains 5 kg sugar, he Is 
numerical magnitude as well as the unit of meas 


are divided into base quantities and derived quantities. 


Figure 1.2: Measuring height. 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


/Ebysics IX 5 Unit 1: Physical Quantities and Measurement 


\Ssse/gUANTITIES 


4 There are seven physical quantities which 
form “thes oundation for other physical quantities. Gpemtice wn a bass Of 
These@ ahYSical quantities are called the base || which other quantities are 
quantities. , Whese are length, mass, time, electric || expressed. 
current, tefnperature, intensity of light and the amount 
ofa substanci j 


Base quantities are the 


DERIVED quanfines 


Those physiéalslantities which are expressed 
: bil ti : The quantities that are 
in terms of base quantities, are called the derived expressed in terms of base 
quantities. These include’ area, volume, speed, force, || quantities are called derived 
work, energy, power, slectiic charge, electric || quantities. 
potential, etc. ; 


1.3 INTERNATIONAL SISJEM OF 
UNITS j 
Measuring is not imf counting. For 

example, if we need milk or sugar g wel must also 
understand how much quantity of milk or, sugar we are 
talking about. Thus, there is a need of some, Standard 
quantities for measuring/comparing ‘unknown 
quantities. Once a standard is set for a quantity then jt 
can be expressed in terms of that standard quantity 

This standard quantity is called a unit. X P 


Mini Exercise 


With the developments in the field of scientes 
and technology, the need for a commonly acceptable | 
system of units was seriously felt all over the world 
particularly to exchange scientific and technical |: 
information. The eleventh General Conference on 
Weight and Measures held in Paris in 1960 adopted a 
world-wide system of measurements called 
International System of Units. The International 
System of Units is commonly referred as SI. 


BASE UNITS 


The units that describe base quantities are 
called base units. Each base quantity has its SI unit. 
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Table 1.1 shows seven base quantities, their SI units and 
their symbols. 


metre 


kilogramme 


second 


ampere 


candela 


kelvin 
mole 


Amount of a substance 


v= - 


DE EDUNITS 
<The its used to measure derived quantities 
are Calle igriva units. Derived units are defined in 


terms of s and are obtained by multiplying or 
dividing one re base units with each other. The 
unit of are re)’ and the unit of volume (metre)? 
are based on tof length, which is metre. Thus 
the unit of lengt base unit while the unit of area 
and volume are de units. Speed is defined as 
distance covered in e; therefore its unit is 
metre per second. In ay the unit of density, 
force, pressure, powe C be derived using 
one or more base units. ived units and their 


symbols are given in the Table 1. 


Speed 
Acceleration 
Volume 
Force 
Pressure 
Density 
Charge 


metre per second 

metre per second per second 
cubic metre 

newton 
pascal 
kilogramme per cubic metre 
coulomb 


N or (k 
Pa or (N 
kg m°? 
C or (As) 
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7 Unit 1: Physical Quantities and Measurement 


speed, time, length, 


E 
“a P 
1.4 PREFIXES, T 
Some of the quantities are either very large or G 
very small. For example, 2 m, 0.002 W and M 
0.000 002 g, etc. SI units have advantage that their . 
da 
d 
c 
m 
very large or small quantities. For H 
20,000 g by 1000 to express it into kilogram n 
represents 10° or 1000. p 
f 
Thus 20,000g = 20,000 ky = 20k a 
1000 
or 20,000g = 20x10°g = 20kg 


Table 1.4 shows some multiples and sub- 
multiples of length. However, double prefixes are not 
used. For example, no prefix is used with kilogramme 
since it already contains the prefix kilo. Prefixes given in 
Table 1.3 are used with both types base and derived 
units. Let us consider few more examples: 


(I) 200000ms' =200x10°ms'" =200kms" 
(ii) 4800000 W =4800x10°W =4800kW 

=4.8x10°W =4.8 MW 
(iii) 3300000 000 Hz=3300x10°Hz =3300 MHz 
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Elephant 


Average human 


1.0 litre of water 


L 


Grain of table salt 


= 


Typical protein molecule 


Uranium atom 


Water molecules 
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= 3.3x10° MHZ = 3.3 Ghz 
(iv) 0.00002 g =0.02x10°g = 
20x10°%g 

=20ug 
(v) 0.000 0000081m =0.0081x10°m =8.1x10°m 

=8.1nm 


1.5 SCIENTIFIC NOTATION 


A simple but scientific way to write large or small 
umbers is to express them in some power of ten. 
he Moon is 384000000 metres away from the Earth. 
Distance of the moon from the Earth can also be 
ex sed as 3.84 x10° m. This form of expressing a 
mbereis called the standard form or scientific 


digit before the deci 
taken as the standard for 
0.00045 sis 4.5x10°s. 


e. 6.275x10* preferably be 
i ly the standard form of 


1. Name five prefixes most commonly used. 
2. The Sun is one hundred and fifty million kilometres away 
from the Earth. Write this + 
(a) as an ordinary whole number. 
(b) in scientific notation. 
3. Write the numbers given below in scientific n 
(a) 3000000000 ms“ 
(c) 0.0000000016 g 
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MEASURING INSTRUMENTS FOR YOUR INFORMATION 


7 A Measuring instruments are used to measure 
various 4 nysiéal quantities such as length, mass, time, 
volume, etc Measuring instruments used in the past 
were not So" feliable and accurate as we use today. 
For exampley_sundial, water clock and other time 
measuring devices” used around 1300 AD were quite 
crude. On the othér h nd, digital clocks and watches 
used now-a-days gare” *highly reliable and accurate. 
Here we shall describe some. measuring instruments ee aoe 
used in Physics laboratory | > 


information about stars. 
THE METRE RULE “eat 


shown in figure 1.3. It is commonly “used in the 


laboratories to measure length of an object c on distance 
between two points. It is one metre long whichis ex a 
100 centimetres. Each centimetre (cm) is divided into 10 N 


small divisions called millimetre (mm). Thus" tnd 
millimetre is the smallest reading that can be taken usit 


a metre rule and is called its least count. <j eye'to note the reading. 
) ,orrect position of the eye to 
While measuring length, or distance, eye must be | testhe reading from a metre rule. 


kept vertically above the reading point as shown in 
figure 1.4(b). The reading becomes doubtful if the eye is 
positioned either left or right to the reading point. 


THE MEASURING TAPE 


Measuring tapes are used to measure length in 
metres and centimetres. Figure 1.5 shows a measuring 
tape used by blacksmith and carpenters. A measuring 
tape consists of a thin and long strip of cotton, metal or 
plastic generally 10 m, 20 m, 50 m or 100 m long. 


Figure 1.5: A measuring tape N 


Measuring tapes are marked in centimetres as well as in 
inches. 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


ge 4 


Mini Exe 

Cut a strip of paper sheet. 
Fold it along its\length: Now 
mark centimetres .and« half 
centimetre along its length 
using a ruler. Answel th 
following questions: 


1. What is the range of your 
paper scale? 


2. Whatisits least count? 


3. Measure the length of a 
pencil using your paper 
scale and with a metre 
ruler. Which one is more 
accurate and why? 
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VERNIER CALLIPERS 


The accuracy obtained in measurements using a 
metre rule is upto 1 mm. However an accuracy greater 
than 1mm can be obtained by using some 


o ° 

a 

a aS 
N 
w 
a 
a 
D 
N 
œ 
o 
3 
"N 
N 


FIX JAWS 


MOVEABLE JAWS 


Vernier Scale Main Scale 
~ Outer jaws 


Figure 1.6: A Vernier Callipers with jaws closed 


other instruments such as a Vernier Callipers. A Vernier 
Gallipers consists of two jaws as shown in figure 1.6. One 
s a fixed.jaw with main scale attached to it. Main scale 
€ etre and millimetre marks on it. The other jaw 
noveable jaw. It has vernier scale having 10 divisions 
each of its division is 0.9 mm. The 


one small division on main scale 
ernier scale division is 0.1 mm. It is 


below: 


Leastcountof _ 
Vernier Callipers n 


Hence LC = 


Working of a Vernier Callipers 


First of all find the error, if any, 
instrument. It is called the zero error of tł 


made to find the correct measurement. Suchac 
is called zero correction of the instrumen 
correction is the negative of zero error. 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


Physics IX 11 Unit 1: Physical Quantities and Measurement 


Zero Erfor and Zero Correction 


To_find?the zero error, close the jaws of Vernier 
Callipers gently, If zero line of the vernier scale coincides 
with the zerovof the main scale then the zero error is zero 
(figure 1.7a)°Zero error will exist if Zero line of the vernier 
scale is not¢coinciding with the zero of main scale 
(figure 1.7b). Zero_error will be positive if zero line of 
vernier scale is on thé right side of the zero of the main 
scale and will be negative if zero line of vernier scale is on 
the left side of zero of the main seale (figure 1.7c). 


Taking a Reading on Vernier,Callipers 
Let us find the diameter. Of a solid cylinder using 
Vernier Callipers. Place the solid cylinder, between jaws 


of the Vernier Callipers as shown in figure 1.8. Close the 
jaws till they press the opposite sides ofthe object gently. 


z 
z 
g 
x< 
(r 


[2] 
Ss 
< 
ar 
Ww 
= 
a 
<L 
gmj 
6 


Figure 1.8: A cylinder placed between the outer jaws of Vernier Callipers. 
Note the complete divisions of main scale past 
the vernier scale zero in a tabular form. Next find 


thevernier scale division that is coinciding with any < p 
Figure 1.7: Zero Error 


division on the main scale. Multiply it by least count of s N 
+0.0/ em 
Vernier Callipers and add it in the main scale reading. © cm. -0.02 


This is equal to the diameter of the solid cylinder. Add 
zero correction (Z.C) to get correct measurement. 
Repeat the above procedure and record at least three 
observations with the solid cylinder displaced or rotated 
each time. 
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QUICK QUIZ 


1. What is the least count of the Vernier Callipers? 

2. What is the range of the Vernier Callipers used in your 
Physics laboratory? 

3. How many divisions are there on its vernier scale? 

4. Why do we use zero correction? 


EXAMPLE 1.1 


Find the diameter of a cylinder placed between 
he outer jaws of Vernier Callipers as shown in figure 1.8. 


DLUTION 

ero.correction 

closing the jaws of Vernier Callipers, the position of 
ier scale as shown in figure 1.7(b). 


=0.0cm 
coinciding with main scale =7 div. 
are =7x0.01 cm 
y- a =0.07 cm 
— Zero error =0.0cm+0.07 cm 
Digital Vernier Calipers =+0.07cm 
has greater precision than f 
mechanical Vernier zero correction ( =-0.07 cm 
Callipers. Least count of Diameter of the cy r 
Digital Vernier Callipers is Main scale reading =22cm 
0.01 mm. 
(when the given cylinder is ke he 


jaws of the Vernier Callipers as 
figure 1.8). 


Vernier div. coinciding with main 
scale div. 
Vernier scale reading 


Observed diameter of the cylinder 
Correct diameter of the cylinder 


Thus, the correct diameter of the given nder 
as found by Vernier Callipers is 2.19 cm. 
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Tidbits 
Relative sizes of molecules 
and micro-organisms 


= 
4 3 z5 
axis. The hollow c sr acts as a nut. It is fixed at the 3 
end of U-shaped frame opposite to the stud. A Thimble 8 S 
has a threaded spindle inside it. As the thimble completes | 3 mj 3} < = 
one rotation, the spindle along the index line 3 8 = 5 
It is because the distance b en consecutive threads | ~ $$ 
on the spindle is 1 mm. This distanCe is called the pitch of F i S 
screw on the spindle. @ oF 8 e 
o S| = 
Doe S 


Ratchet 


a hs 
ARR RK RANK RY WN) 
BARNA | | RO 


Stud Spindle Lock Main scale Cir 


— 


-z 


199 
UPd 


ədoəso1wu z417 
wno, 
1199 
jeuuy 

<<) oy 
Ia D 


s}uəuodwo2 1194} pUe Sļ||Ə9 JO SƏZIS ƏN}EJƏYĄ 


O / 
Hollow Thimble 
cylinder 

Index or sleeve 

line 


wool 


Metal frame 


Figure 1.9: A micrometer screw gauge 


The thimble has 100 divisions around its one end A) 
It is the circular scale of the screw gauge. As thimble 
completes one rotation, 100 divisions pass the index line f~ 
and the thimble moves 1 mm along the main scale. Thus 
each division of circular scale crossing the index line + q N 
moves the thimble through 1/100 mm or 0.01 mm on the 
main scale. Least count of a screw gauge can also be O 
found as given below: Z 


pitch of the screw gauge 
no. of divisions on circular scale 


Least count = 
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s IX 14 Unit 1: Physical Quantities and Measurement 


1mm 


100 
=0.01mm = 0.001 cm 


Thus least count of the screw gauge is 0.01 mm 
or 0.001 cm. 
WORKING OF A SCREW GAUGE 

The first step is to find the zero error of the screw 


To find the zero error, close the gap between the 
indle and the stud of the screw gauge by rotating the 
atchet in the clockwise direction. If zero of circular scale 
oincides,with the index line, then the zero error will be 
nin figure 1.10(a). 


rror will be positive if zero of circular scale 
index line. In this case, multiply the number 
ircular scale that has not crossed the 
t count of screw gauge to find zero 
.10(b). 


index line 
error as shown i 


EXAMPLE 1.2 
Find the diameter of a wire using a screw gauge. 


SOLUTION 


The diameter of a given wire can 
follows: 


Figure 1.10: Zero Error in a screw f 
gauge: (a) zero stud of the screw gauge by turning th 


ee Tra Lee in the clockwise direction. 
(ii) Note main scale as well as circular sc 
readings to find zero error and hence 
correction of the screw gauge. 
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- of sn the gap between stud and spindle of the screw 


Jauge by turning the ratchet in anti clockwise Ol eee 
direction«Place the given wire in the gap as shown in 
figure 1.41. Turn the ratchet so that the object is 


pressed gently between the studs and the spindle. 


. What is the least count of 
a screw gauge? 


. What is the pitch of your 
laboratory screw gauge? 


. What is the range of your 
laboratory screw gauge? 


. Which one of the two 
instruments is more 
precise and why? 


Wire placed between thesga 


KRG 
UOOA, 

VUUUUUUNUUNN, 

RRR KR : 
ON OY 


Figure 1.11: Measuring the diameter 
using micrometer screen gau 


(iv) Note main scale as well irĉular scale 
f th 


readings to find the diameter 
wire. 

(v) Apply zero correction to get th 
diameter of the wire. 


(vi) Repeat steps iii, iv and v at different pla 
the wire to obtain its average diameter. 


Figure 1.12: Zero error of the 


w gauge 

Zero correction 
Closing the gap of the screw gauge (figure 1.12). 
Main scale reading =Omm 
feifcular scale reading = 24 x 0.01 
Zero error of the screw gauge = 0 mm+0.24 mm 

=+0.24mm 
Zero correction Z.C. = -0.24 mm 
Diameter of the wire (figure 1.11) 
Main scale reading =1mm 


(when the given wire is pressed by 


other two. 


the stud and spindle of the screw 


gauge) 
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No. of divisions on circular scale = 85 div. 

Circular scale reading = 85x0.01 mm 
= 0.85 mm 

Observed diameter of the given wire =1mm+0.85 mm 
= 1.85 mm 

Correct diameter of the given wire = 1.85 mm - 0.24 mm 
= 1.61 mm 


Thus diameter of the given wire is 1.61 mm. 


MASS MEASURING INSTRUMENTS 


Pots were used to measure grain in various part 

PN of the world in the ancient times. However, balances 

ere also in use by Greeks and Romans. Beam balances 

such as shown in figure 1.13 are still in use at many 

aces. In a beam balance, the unknown mass is placed 

i e pan. It is balanced by putting known masses in the 

. Today people use many types of mechanical 

onic balances. You might have seen electronic 

sweet and grocery shops. These are more 
am balances and are easy to handle. 


ANCE 
A physical balance is used in the laboratory to 


various objects by comparison. It 
ing at the centre ona fulcrum 


Figure 1.13: A beam balance 


consists of ab 


Stirrup Balancing Screw 
Hook 
Mini Exercise Pillar 
1. What is the function of Plumbline 
balancing screws in a o 
physical balance? , 
Pointer 

On what pan we place Pan 
the object and why? Scale —— [II Ap 

Arrestment knob Leveling Screw 


Figure 1.14: A physical balance 
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LABORATORY SAFETY 
EQUIPMENT 


on the left pan. 
cause the pointertor 


EXAMPLE 1.3 
Find the mass of a sme | stone by a physical balance. 


SOLUTION 
Follow the steps to measure the s of agiven object. 


the help of 
cal balance. 


(i) Adjusting the levelling screw 
plumbline to level the platform ofp 


arresting knob Fire extinguisher 
s of its 


(ii) Raise the beam gently by turning,tk 
clockwise. Using balancing screws a 
beam, bring the pointer at Zero position. 


(iii) Turn the arresting knob to bring the beam 
supports. Place the given object (stone 
pan. 


(iv) Place suitable standard masses from the weigh 
on the right pan. Raise the beam. Lower the be 


its pointer is not at zero. 
(v) Repeat adding or removing suitable standard A) 


masses in the right pan till the pointer rests at zero 
on raising the beam. 


(vi) Note the standard masses on the right pan. Their 
sum is the mass of the object on the left pan. 


LEVER BALANCE 


A lever balance such as shown in figure 1.15 
consists of a system of levers. When lever is lifted placing 
the object in one pan and standard masses on the other 
pan, the pointer of the lever system moves. The pointer is 


brought to zero by varying standard masses. © 
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Glass case 


Figure 1.16: An electronigbalan > 


USEFUL INFORMATION 


The precision of a 
balance in measuring mass of 
an object is different for 
different balances. A sensitive 
balance cannot measure large 
masses. Similarly, a balance 
that measures large masses 
cannot be sensitive. 


Some digital balances 
measure even smaller 
difference of the order of 
0.0001g or 0.1 mg. Such 
balances are considered the 
most precise balance. 


Figure 1.17: A mechanical stopwatch 
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ELECTRONIC BALANCE 


Electronic balances such as shown in figure 1.16 
come in various ranges; milligram ranges, gram ranges 
and kilogramme ranges. Before measuring the mass of a 
body, it is switched ON and its reading is set to zero. 
Next place the object to be weighed. The reading on the 
balance gives you the mass of the body placed over it. 


The most Accurate Balance 
The mass of one rupee coin is done using 
different balances as given below: 
Beam Balance 
L e balance measures coin's mass = 3.2 g 


e beam balance may be able to detect a change 


alance 


(b) 
Let the 


more precise tha P itive beam balance. 


(c) Electronic Balanée 


measures coin's mass = 3.24 g 


Let the balance mea 


Least count of an electrøni ce is 0.001 g or 1 mg. 
Therefore, its measuremenoulbe more precise than 
a sensitive physical balance. ctronic balance is 
the most sensitive balance int alances. 


in's mass = 3.247 g 


STOPWATCH P 


A stopwatch is used to measure the time interval 
of an event. There are two types, of. Stop 
mechanical and digital as shown in figur fiara 
A mechanical stopwatch can measure a time 
to a minimum 0.1 second. Digital stopwatch monly 
used in laboratories can measure a time interval as small 
as 1/100 second or 0.01 second. 
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se a Stopwatch 


chanical stopwatch has a knob that is 
e spring that powers the watch. It can 


watch sta the knob is pressed once. When 
pressed second ti it stops the watch while the third 


lapsed as the sta utton is pressed. As soon as 
start/stop button is. pre again, it stops and 
indicates the time interval ed by it between start 
and stop of an event. t button restores its initial 
zero setting. 


MEASURING CYLINDER 


A measuring cylinder i sor transparent 
plastic cylinder. It has a scale ya i length that 
indicates the volume in millilitre (mL),as shown in figure 
1.19. Measuring cylinders have differen pacities 
from 100 mL to 2500 mL. They are us 
the volume of a liquid or powdered substan e Fire alarm. 
used to find the volume of an irregular shaped_soli o First Aid Box. 
insoluble in a liquid by displacement method. 
is lowered into a measuring cylinder co 


Figure 1.18: A digital stopwatch 


LABORATORY SAFETY 
EQUIPMENTS 


A school laboratory must 
have safety equipments such as: 


e Waste-disposal basket 


e Fire extinguisher. 


e Sand and water buckets. 


e Fire blanket to put off fire. 


increase in the volume of water/liquid is the volume © 
the given solid object. 


Figure 1.19(a) Wrong way to note the liquid level keeping eye above liquid level, 
(b) correct position of eye to note the liquid level keeping eye at liquid level. 
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i k 
LABORA SAFETY RULES 
The students should know what to 
do in case of¢an accident. The 


charts or -postérs are to be 


displayed in t boratory to 
handle situations arisi rom any 
mishap or accidents For*your own 


safety and for the safety of others 
the laboratory, follow safety rules 
given below: + 


> Do not carry out any experiment 
without the permission of your 
teacher. 

> Do not eat, drink, play or run in 
the laboratory. 

`> Read the instructions carefully 
to familiarize yourself with the 
possible hazards before 
handling equipments and 
materials. 

> Handle equipments and 
materials with care. 

> Do not hesitate to consult your 
teacher in case of any doubt. 

> Do not temper with the electrical 
appliances and other fittings in 
the laboratory. 

> Report any accident or injuries 


immediately to your teacher. 
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HOW TO USE A MEASURING CYLINDER 


While using a measuring cylinder, it must be kept 
vertical on a plane surface. Take a measuring cylinder. 
Place it vertically on the table. Pour some water into it. 
Note that the surface of water is curved as shown in figure 
1.19. The meniscus of the most liquids curve downwards 
while the meniscus of mercury curves upwards. The 
correct method to note the level of a liquid in the cylinder 
is to keep the eye at the same level as the meniscus of the 


_ liquid as shown in figure 1.19(b). It is incorrect to note the 
“liquid level keeping the eye above the level of liquid as 


shown in figure 1.19 (a). When the eye is above the liquid 
level, the meniscus appears higher on the scale. 


‘Similarly when the eye is below the liquid level, the 
‘meniscus appears lower than actual height of the liquid. 


MEASURING VOLUME OF AN IRREGULAR SHAPED 
SOLID 

Measuring cylinder can be used to find the 
volume of a small irregular shaped solid that sinks in 
water. Let ussfind the volume of a small stone. Take some 
water in a graduated measuring cylinder. Note the 
volume V, of watér in the cylinder. Tie the solid with a 
thread. Lower the solid into the cylinder till it is fully 
immersed in water. Noté the.volume V, of water and the 
solid. Volume of the sdlid'Willbe V, - V.. 


1.7 SIGNIFICANT FIGURES >) 

The value of a physical quantity is expressed by a 
number followed by some suitable unit. Every 
measurement of a quantity is an attempt to find its true 
value. The accuracy in measuring ayphysical quantity 
depends upon various factors: ; aa 

+ the quality of the measuring instrument 

+ the skill of the observer wT Ly 

+ the number of observations made” 4 = 

For example, a student measures the lerigth of 


a book as 18 cm using a measuring tape. The 


numbers of significant figures in his/her measured N 
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wo. The left digit 1 is the accurately known digit. 


significant. The two left digits 1 and 8 are RULES TO FIND THE 
igits. Next digit 4 is the doubtful digit for | SIGNIFICANT DIGITS 
IN A MEASUREMENT 


ecords the length of the book as | (Ì) Digits other than zero are 
always significant. 


nt figures is again three; 27 has 2 significant digits. 


igits 1. 8 and the first 275 has 3 significant 


consisting of two accurate aS 
digits. 


doubtful digit 4. The digits 2 5 not significant. It is 
because the reading of these last digits cannot be justified significant digits are also 
using a ruler. Measurement upto third msecond decimal significant. 


place is beyond the limit of the measuringi : 2705 has 4 significant 
digits. 


Zeros between 


Final zero or zeros after 
decimal are significant. 


: 275.00 has 5 significant 
are known accurately and the one estimat digits. 2 


significant figure means greater precision. The fol Zeros used for spacing 


are helpful in identifying significant figure: the decimal point are not 
' bo or significant. Here zeros 
(i) Non-zero digits are always significant. are placeholders only. 


0.03 has 1 significant digit. 
(ii) Zeros between two significant figures 


| 0 
also significant. "P : 


(iii) Final or ending zeros on the right in 
decimal fraction are significant. 


(iv) Zeros written on the left side of the decimal 
point for the purpose of spacing the 
decimal point are not significant. 


(v) In whole numbers that end in one or more 
zeros without a decimal point. These zeros 
may or may not be significant. In such 
cases, itis not clear which zeros serve to 
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(i) 


Rounding the Numb Ss 


If the last digit is less t 

5 then itis simply dropped. 
This decreases the 
number of significant 
digits in the figure. 


For example, 


1.943 is rounded to 1.94 
(3 significant figure) 


(ii) If the last digit is greater 


than 5, then the digit on 
its left is increased by 
one. This also decreases 


the number of significant 
digits in the figure. 


For example, 


1.47 is rounded to two 
significant digits 1.5 


(iii) If the last digit is 5, then 


it is rounded to get 
nearest even number. 


For example, 


1.35 is rounded to 1.4 and 
1.45is also rounded to 1.4 


locate the position value and which are 
actually parts of the measurement. In such a 
case, express the quantity using scientific 
notation to find the significant zero. 


EXAMPLE 1.4 


Find the number of significant figures in each of the 
following values. Also express them in scientific 
notations. 

a) 100.8s b) 0.00580 km 


c) 210.0g 


S TION 


ll the four digits are significant. The zeros 
een the two significant figures 1 and 8 are 
icant. To write the quantity in scientific 
n, we move the decimal point two 


e left, thus 
10048 s 
(b) The firi os are not significant. They are 
used to s decimal point. The digit 5,8 and 
the final z nificant. Thus there are three 


significant fig cientific notation, it can be 


(c) The final zero is significan since it comes after 

e zero between last zero and 
1 is also significant becausesit,comes between 
the significant figures. Thus the number of 
significant figures in this case i In scientific 
notation, it can be written as 


210.0 g = 2.100 x 10’g 
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eat, sound, light 
(optics), d magnetism, 
nuclear p 


physics. 


Physics plays an impo 
our daily life. 
electricity is 


in industry, means of trans 
communication etc. work 


A measurable quantity is called a 
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SUMMARY 


basic laws and principles 
Physics. a 


physical quantity. 


Base quantities are defined 
independently. Seven quantities 
are selected as base quantities. 
These are length, time, mass, 
electric current, temperature, 
intensity of light and the amount of 
a substance. 


The quantities which are 
expressed in terms of base 
quantities are called derived 
quantities. For example, speed, 
area, density, force, pressure, 
energy, etc. 


A world-wide system of 
measurements is known as 
international system of units (SI). In 
SI, the units of seven base 
quantities are metre, kilogramme, 
second, ampere, kelvin, candela 
and mole. 


Unit 1: Physical Quantities and Measurement 


The words or letters added before a 
unit and stand for the multiples orsub- 
multiples of that unit are known as 
prefixes. For example, kilo, mega, 
milli, micro, etc. 


Away to express a given number as a 
number between 1 and 10 multiplied 
by 10 having an appropriate power is 
called scientific notation or standard 
form. 


An instrument used to measure small 
lengths such as internal or external 
diameter or length of a cylinder, etc is 
called as Vernier Callipers. 


A Screw gauge is used to measure 
small lengths such as diameter of a 
wire, thickness of a metal sheet, etc. 


Physical balance is a modified type of 
eam balance used to measure small 
ses by comparison with greater 


al of an event. Mechanical 
have least count upto 


; onds; Digital stopwatch of 
least Cou tO. s are common. 


a digits and 
pression 
are called significa g ; 


reflects the precision of @ 
value of a physical quantity. 
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QUESTIONS 


vii. A student claimed the diameter 


1.1 Encirclesthe correct answer from 
the given choices. 


i. The number of base units in SI 
are: 


(a)3  (b)6 (c)7  (d)9 
ii. Which one of the following unit 

is not a derived únit? 

(a) pascal (b) kilogramme 

(c) newton (d) watt 


iii, Amount of a substance in terms 
of numbers is measured in: 
(a) gram (b) kilogramme 


(c) newton (d) mole 


iv. An interval of 200u s is equivalent 


to 
(a) 0.2 s (b) 0.02 s 
(c) 2x10*s (d) 2x10°s 


v. Which one of the following is the 
smallest quantity? 


(a) 0.01 g (b) 2 mg 


(c) 100 ug (d) 5000 ng 


vi. Which instrument is most 
suitable to measure the internal 
diameter of a test tube? 

(a) metre rule 

(b) Vernier Callipers 

(c) measuring tap 

(d) 


d) screw gauge 


of a wire as 1.032 cm using 
Vernier Callipers. Upto what 


extent do you agree with it? 
(a) 1 cm (b) 1.0 cm 


(c) 1.03 cm (d) 1.032 cm 


viii. A measuring cylinder is used 


“ix. 


to measure: 
(a) mass (b) area 
(c) volume (d) level of a liquid 


A student noted the thickness 


of a glass sheet using a screw 
gauge. On the main scale, it 
reads 3 divisions while 8" 
division on the circular scale 
coincides with index line. Its 
thickness is: 


(a) 3.8 em 
(c) 3.8 mMm 


(b) 3.08 mm 
(d) 3.08 m 


Significant, figures in an 


expression ares 

(a) all the digits 

(b) all the accurately known digits 

(c) all the accurately known digits 
and the first doubtful digit 

(d) all the accurately knownyand all 


the doubtful digits 


1.2 What is the difference between base” 


quantities and derived quantities? 
Give three examples in each case. 
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out the base units in the 1.9 Why is the use of zero error 
i necessary in a measuring 
ey newton, kilogramme, hertz, instrument? 


ere, metre, kelvin, 


1.10 What is a stopwatch? What is the 
least count of a mechanical 


ntities involved stopwatch you have used in the 
in each ollowing derived laboratories? 


quantities: 
(a) speed volume 1.11 Why do we need to measure 
(c) force m (d) extremely small interval of 
1.5 Estimate your age wa amen 
1.6 What role SI units have edi 1.12 What is meant by significant 
the development of science figures of ameasurement? 


1.7 What is meant by verni 1.13 How is precision related to the 
constant? significant figures in a measured 


1.8 What do you understand quantity? 
the zero error of a measuring 


instrument? 


PROBLEMS 


Express the following 1. ite the following in 
quantities using prefixes. 

(a) 5000 g á (b) 32x10° 
(b) 2000 000 W (d) 0.02 x10° 
(b) 52 a {(a) 1.168x10; (b) 3.2x10° 
(c) 225x10°s (c)7.25g (d) 2x10} 
{(a) 5 kg (b)2MW 1.5 Write the following quantities in 
(c) 5.2 ug (d) 2.25 us } standard form. 


1.2 How do the prefixes micro, 
nano and pico relate to each 
other? 


a) 6400 km 


b) 380 000 km O 
c) 300 000 000 ms" 
d) seconds in a day 


{(a)6.4x10°km —_ (b) 3.8x10°km 
(c) 3x10°ms1 —_ (d) 8.64x10*s} 


~—a~ an a 


1.3 Your hair grow at the rate of 
1 mm per day. Find their growth 
rate in nm s“. (11.57 nm s”) 
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n closing the jaws of a Vernier (a) 3.0066 m (b) 0.00309 kg 


ers, zero of the vernier scale is a 
ight to its main scale such (c)5.05x10"" kg (d) 301.0 s 


division of its vernier scale {(b) and (c)} 
ith one of the main scale 


its zero error and zero 19 What are the significant figures in 


the following measurements? 


correction 
+0,04 cm, -0.04 cm) (a) 1.009 m (b) 0.00450 kg 
(c) 1.66x10” kg (d)2001 s 
1.7 A screw gauge ha ivisions on {(a) 4 (b) 3 (c) 3 (d) 4} 


its circular sca e pitch of the 
screw gauge is atis its 1,10 A chocolate wrapper is 6.7 cm 
least count? long and 5.4 cm wide. Calculate 


(0.0 its area upto reasonable 
number of significant figures. 


i (36 cm2) 


1.8 Which of the following q 
have three significantfig 
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describe using examples how objects can be at 


rest and in motio Itaneously. 
identify different types of motion i.e. translator/, 


(linear, random, a ircular); rotatory and 
vibratory motions and distinguish among them. 


een distance 


differentiate with exampl 
and displacement, speed a 


es ity. 
differentiate with examples be / gia 


vector quantities. 


represent vector quantities by dr. 
define the terms speed, vel C) 


acceleration. 


plot and interpret distance-time graph a 
speed-time graph. 


determine and interpret the slope of distance 
time and speed-time graph. 


determine from the shape of the graph, the 
state of a body 


i. at rest 
ii. moving with constant speed 


iii. moving with variable speed. 
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> calculate the area under speed-time graph to 
determine the distance travelled by the moving 
body. 

> derive equations of motion for a body moving 
with uniform acceleration in a straight line 
using graph. 

> solve problems related to uniformly accelerated 
motion using appropriate equations. 


> solve problems related to freely falling 
bodies using 10 ms” as the acceleration due to 
gravity. 


~ INVESTIGATION SKILLS: 


The students will be able to: 


ish between translatory, rotatory and 
ry motions. 


SCIENCE, TECHNOLOGY AND SOCIETY 
CONNECTION: 


The students \ 


> list the various means of 


transportationa AS. issues. 
> the use of mathema es (ramps) of 


p 
graphs or straightlines i ife applications. 
> interpret graph from newspaper, magazine 
regarding cricket and weather etc. 


The first thing concerning the motion of’an*oebject is 
motio of an 


its kinematics. Kinematics is the study o 
object without discussing the cause of 

unit, we will study the types of motion, scalar 
quantities, the relation between displacement, 
velocity and acceleration; linear motion and equations of 
motion. 
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EST AND MOTION 


are the places in its neighbourhood where 
nt. Similarly, 


Figure 2.1: The passengers in 
the bus are also moving with it. 


respect to other passengers or 
observer outside the bus, the 
inside the bus are in motion. 


2.2 TYPES OF MOTION 


If we observe carefully, we will find the 
in the universe is in motion. However, d 
move differently. Some objects move along as 
some move in a curved path, and some mov 
other way. There are three types of motion. 


bjects Figure 2.: Acar and an aeroplane 
. moving along a straight line are in 
’ linear motion. 


(I) Translatory motion (linear, random and 
circular) 
(ii) _Rotatory motion 


(iii) Vibratory motion (to and fro motion) 


TRANSLATORY MOTION 


Watch how various objects are moving. Do they 
move along a straight line? Do they move along a circle? A 
car moving in a straight line has translational motion. 
Similarly, an aeroplane moving straight is in translational 
motion. 


ee en ‘ 
Figure 2.4: Translatory motio 
riders in Ferris wheel. 


In translational motion, a body moves along a line without 


any rotation. The line may be straight or curved. 
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The object as shown in figure 2.3 moves 
along a curved path without rotation. This is the 
translational motion of the object. Riders moving in 
a Ferris wheel such as shown in figure 2.4 are also 
in translational motion. Their motion is in a circle 
without rotation. Translatory motions can be divided 
into linear motion, circular motion and random 
motion. 


INEAR MOTION 


We come across many objects which are moving ina 
straight line. The motion of objects such as a car moving on a 
ght and level road is linear motion. 


Figure 2.5: Linear motion of the 
ball falling down. 


dof a string can be made to whirl. 
by the stone? The stone as 


Figure 2.6: A stone tied at the circle and thus has circular 


end of a string moves in a circle. 


The motion of an object in or path is known as 


circular motion. 


Figure 2.7 shows a toy train moving on a circular 
track. A bicycle or a car moving alon ircular track 
possesses circular motion. Motion of the Earth around the 


Sun and motion of the moon around the Iso the 


Figure 2.7: A toy train moving examples of circular motions. 
on a circular track. 
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MOTION 


e you noticed the type of motion of insects and 


Figure 2.8: Random motion of gas 
molecules is called Brownian 
motion. 


Thus, moti insects and birds is random motion. The 
motion of dust or icles in the air is also random motion. 
The Brownian motio as or liquid molecules along a zig-zag 
path such as shown in figur .&is also an example of random 


motion. 
is spinning about an axis. l : Se 


ROTATORY MOTION 


Study the motion of a to 
Particles of the spinning top mov 
particles possess circular motion. Does 
motion? 


esfand thus individual 
p possess circular 


around which a body rotates. In circular motio 
which a body goes around, is outside the boc 
motion, the line, around which a body moves about 
through the body itself. 


Can you spin a ball at the tip of the finger? 


The spinning motion of a body about its axis is called its 
rotatory motion. 


Can you point out some more differences in circular and 
rotatory motion? 


The motion of a wheel about its axis and that of a Figure .9: Rotatory motion 
steering wheel are the examples of rotatory motion. The motion 
of the Earth around the Sun is circular motion and not the 
spinning motion. However, the motion of the Earth about its 
geographic axis that causes day and night is rotatory motion. 


Think of some more examples of rotatory motion. 
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VIBRATORY MOTION 


Consider a baby in a swing 
as shown in figure 2.10. As it is 
pushed, the swing moves back 
and forth about its mean position. 
The motion of the baby repeats 
from one extreme to the other 
extreme with the swing. 


Figure2.10: Vibr y 
motion of a child anda 
swing.. + 


Figure2.11: Vibrator z 
on of the Bardin To and fro motion of a body 


a clock. about its mean position is 
A known as vibratory motion. 
Figure 2.11 shows to and fro motion of the 


endul 


of a clock about its mean position, it is called 
otion. We can find many examples of 


vib tion around us. Look at the children in 

a se shown in figure 2.12. How the children 

Mini Exercise move as lay the see-saw game? Do they 

1. When a body issaidtobeat | possess vibra ory motion as they move the see-saw? 


rest? 


. Give an example of a body 
that is at rest and is in 
motion atthe same time. 


. Mention the type of motion 
in each of the following: 


(i) A ball moving vertically 
upward. 


(ii) A child moving down a 
slide. 


(iii) Movement of a player in a 
football ground. 


(iv) The flight of a butterfly. 


v) An athlete running in a k 

S circular track. z E 
Figure 2.12: Vibratory motion of children 
A baby in a cradle moving to and fro 

motion of the hammer of a ringing electric bell 

motion ofthe string of a sitar are some of the exa 


vibratory motion. 


(vi) The motion of a wheel. 


(vii) The motion of a cradle. 
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ALARS AND VECTORS 


sics, we come across various quantities such 
volume, density, speed and force etc. We 
divide themi lars and vectors. 


SCALARS 


A physi tity which can be completely 
described by i j 


magnitude of a qu means its numerical value with an 


appropriate unit suchas 2. 0s, 1.8 m, etc. Examples 
of scalars are mass, length, time, speed, volume, work 
and energy. 


A scalar quantity is descri completely by its 
magnitude only. 


VECTORS 
A vector can be descr ‘completely 
by magnitude alongwith its direction. Ex les ofyxvectors 


are velocity, displacement, force, momentu 
etc. It would be meaningless to describe 
without direction. For example, distance of a p 
reference point is insufficient to locate that 
The direction of that place from reference point 
necessary to locate it. 


A vector quantity is described completely by) 
magnitude and direction. 


Consider a table as shown in figure 2.13 (a). Two 
forces F, and F, are acting on it. Does it make any 
difference if the two forces act in opposite direction such 
as indicated in figure 2.13(b)? 


Certainly the two situations differ from each other. 
They differ due to the direction of the forces acting on the 
table. Thus the description of a force would be incomplete 


if direction is not given. Similarly when we say, we are direction. (b) acting in 
walking at the rate of 3 kmh" towards north then we are ‘directions. 


talking about a vector. 


Unit 2: Kinematics 


F, 


(b) 


Figure 2.13: Two fore 
F, (a) both acting i 
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To differentiate a vector from a scalar quantity, we 
generally use bold letters to represent vector quantities, such 


as F, a, d or a bar or arrow over theirsymbols such as F, a, d or 
> > > 
F,a and d. 


B Graphically, a vector can be represented by a line 
segment with an arrow head. In figure 2.14, the line AB with 
arrow head at B represents a vector V. The length of the line 
AB gives the magnitude of the vector V on a selected scale. 

A While the direction of the line from Ato B gives the direction of 


he vector V. 
Figure 2.14: Graphic 


representation of a vector V EXAMPLE 2.1 
epresent a force of 80 N acting toward North of East. 


Q 
son Or two lines perpendicular to each other. 


ntal line represents East-West and vertical 
lin 
N gure 


ents North-South direction as shown in 


w E Step2: Select le scale to represent the given vector. 


In this ay take a scale which represents 
S 20Nby1 


Scale: 1cm = 20 N 


North Step3: Draw a line accofrdi the scale in the direction of 
North-East the vector. Int , draw a line OA of length 4 cm 
i along North-East. 
F= 80N Step4: Putan arrow head AÙ. he line. In this case 
4 cm arrow head is at point the line OA will 
represent a vector i.e., the force of 80 N acting 
5 East towards North-East. 


Figure 2.15: Representing80N 2.4 TERMS ASSOCIATED WITHMOTIG 
force acting North-East. 


distance covered by it, its speed and so on./Le 
explain some ofthe terms used. 
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rm position describes the location of a place ora 
ct to some reference point called origin. For 


your home. hool be represented by S and home by H. 


The position of ool from your home will be represented 


by a straight | in the direction from H to S as shown in Figure 2.16: Position of the school 
S from the home H. 


H 


Figure 2.17: Distance S (dotted 
line) and displacement d (red line) 
from points Ato B. 


and is represented by d. 


Displacement is the shortest distance betwee 
points which has magnitude and direction. 


H DO YOU KNOW? 


ie. ich is the fastest 


SPEED AND VELOCITY al on the Earth? 


What information do we get by knowing the speed of a 
moving object? 


Speed of an object is the rate at which it is moving. In 
other words, the distance moved by an object in unit time is its 
speed. This unit time may be a second, an hour, a day ora year. 


The distance covered by an object in unit time is called 
its speed. 
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_ distance covered 


time taken 
Distance = speed x time 


Speed 


or SS VE we dee. exe ce (21) 


Here S is the distance covered by the object, vis 
its speed and fis the time taken by it. Distance is a scalar; 
therefore, speed is also a scalar. SI unit of speed is metre 
per second (ms”). 


NIFORM SPEED 
In equation 2.1, vis the average speed of a body 
Jring time f. It is because the speed of the body may be 


Amotorway speed camera 

A LIDAR gun is light 
detection and ranging speed 
gun. It uses the time taken by 
laser pulse to make a series of 
measurements of a vehicle's 
distance from the gun. The data 
is then used to calculate the 
vehicle's speed. 


s not only the speed of a body 
which the body is moving. 


DO YOU KNOW? 
j velocity. 


Velocity 


or v = 


d = 


with velocity v in time t. SI unit of velocity is 
speed i.e., metre per second (ms’’). 


A arae er attains a 
if locit lled 
untorm veocity caned | UNIFORM VELOCITY 


terminal velocity with which © 
of a body during time t. It is because the velocity of the 


it comes to ground, In equation 2.2, v is the average veloc 
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be changing during the time interval t. However, in 


EXAMPLE 2.2 


e 
A sprinter completes its 10 etre race in 12s. Find its 
average speed. 
SOLUTION 
Total distance = 100 


Total time taken = 12 s 
Total dis ed 
Total time 


_ 100m 
12s 


Thus the speed of the sprinter is 8.33 <) 
EXAMPLE 2.3 
cko 


A cyclist completes half round of a circular tra 
A 
k- 


Average speed = 


= 8.33 


radius 318 min 1.5 minutes. Find its speed and velocity. 


Radius of track r =318m 
Time taken t = 1min. 30s 
Distance covered = 7 x radius 
=3.14x 318m 
Displacement =2r 
=2x318m = 686m 
distance 
time 
999m 


£220 =11.1 ms" 
90s 


90s 


999 m 


speed 
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displacement 
time taken 
636m 


= = 7.07 ms. 
90s 


velocity = 


Thus speed of the cyclist is 11.1 ms‘ along the 
track and its velocity is about 7.1 ms ‘ along the diameter 
AB of the track. 


ACCELERATION 
When does a body possess acceleration? 


In many cases the velocity of a body changes due 
to.achange either in its magnitude or direction or both. The 


Changein the velocity of a body causes acceleration in it. 
USEFUL INFORMATION 

Acceleration of a moving 
object is in the direction of 
velocity if its velocity is 
increasing. Acceleration of the 
object is opposite to the direction 
of velocity if its velocity is 


change in velocity 


Acceleration 


decreasing. time taken 
f final velocity - initial velocit 
a Acceleration = y y 
S p time taken 
2 
62 V,-V, 
e$ a = W€ i ar ¥en e (23) 
os 
< o t 
Z5 


Taking acceleration as a, initial velocity as V, final 
velocity as v, and t dsethe time interval. SI unit of 
acceleration is metre per seĉond'per second (ms). 


UNIFORM ACCELERATION 

The average acceleration’ Ofma body given by 
equation 2.3 is a during time t. Let the time t is divided into 
many smaller intervals of time. If the ratemof change of 
velocity during all these intervals remains constant then 
the acceleration a also remains constant. Such à body is 
said to possess uniform acceleration. 


A body has uniform acceleration if it he 
changes in velocity in equal intervals of 
however short the interval may be. 


velocity decreasing ———»> 
E 5 
< fuseau, AyID0]9A 
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celeration of a body is positive if its velocity 
h time. The direction of this acceleration is the 
ich, the body is moving without change in its 


body decr: he direction of negative acceleration is 
inection in which the body is moving. 


retardation. 
EXAMPLE 2.4 
Acar starts from rest. Itsvelocity becomes 20 ms in 
8s. Find its acceleratio Ds 
SOLUTION 


Initial velocity v; 


O ms% 
Final velocity v; 
Time taken t = 8 ) 


V;-V; 
as i aera 


—1 -1 
a a = 20 ms'-0ms 


8s 
-2 

Thus the acceleration of the car is 2.5 m 
EXAMPLE 2.5 

Find the retardation produced when a ca A) 
moving at a velocity of 30 ms" slows down uniformly 
to 15 ms`'in 5s. 
SOLUTION 


+ 


Initial velocity v; = 30 ms” 


Final velocity v, = 15 ms” 


Change in velocity = y — V; O 
= 15 ms™- 30 ms” 
= -15 ms” 


Time taken t =5s 
a =? 
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, change in velocit 
YOU KNOW? as Acceleration = [lange in velocity 
ay also be used in time interval 
such as to show 
D rS -15 ms” -2 
i ainfa or a = —— =-3ms 
temperature record or runs per over 5s 


scored by ateam.and so on. 


Since negative acceleration is called as deceleration. 
Thus deceleration of the car is 3 ms”. 


2.5 GRAPHICAL ANALYSIS OF MOTION 
Graph is a pictorial way of presenting information 
‘about the relation between various quantities. The 


(in million rupees) 


the independent quantity is called the dependent 
quantity 


fall of wickets 


DI IME GRAPH 
ful to represent the motion of objects using 
graphs. The distance and displacement are used 


1 H > 
10 20 30 40 50 r 
ers | interchangêably 


the motion is i 
used interchang 
along horizontal a 
covered by the objec 


the motion is in a straight line. Similarly if 
ight line then speed and velocity are also 
a. distance-time graph, time is taken 
ertical axis shows the distance 


Runs scored by a cricket team. 


OBJECT AT REST 


In the graph show 
by the object with time is zero. T, 
Figure 2.18: Distance-time a horizontal line parallel to time axi 


graph when the object isat shows that speed of the objectis z 
rest. 


18, the distance moved 
objectis at rest. Thus 
istance-time graph 


OBJECT MOVING WITH CONSTANT ED 


The speed of an object is said sg be constant if it covers 
equal distances in equal intervals of time..The 
graph as shown in figure 2.19 is a straight line 
the speed of the object. Consider two points Aa 
graph 


t(s) 


Figure 2.19: Distance time 
graph showing constant 
speed. 
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eed of the object = slope of line AB 


_ distance EF 
time CD 


nd from the graph is 2 m“ 
OBJECT MOVI VARIABLE SPEED 
When an obj s not cover equal distances in 


equal intervals of time then_its speed is not constant. In 
this case the distancé+time graph is not a straight line as 


shown in figure 2.20. pe of the curve at any point 
can be found from the slope ngent at that point. 
For example, 

RS 


Slope of the tangent at 


Thus, speed of the object at P is 3 m 
higher at instants when slope is greater; sp 
instants when slope is horizontal. 


EXAMPLE 2.6 @ 
Figure 2.21 shows the distance-time gr. 


moving car. From the graph, find 

(a) the distance car has traveled. 

(b) the speed during the first five seconds. 
(c) average speed of the car. 

(d) speed during the last 5 seconds. 


SOLUTION 


(a) Total distance travelled = 40m 
(b) Distance travelled during first 5s is 35 m 
35m 
Speed =—_—_ 
á 5s 
= 7 ms” 
(c) Average speed s oom 
10s 
= 4ms” 
(d) Distance moved during the last 5s = 5m 


ofa carine 


Unit 2: Kinematics 


d (m) 


Figure 2.20: Distance- time 
graph showing variable speed. 


am 
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Speed =—— = 1ms” 
SPEED-TIME GRAPH 


In a speed-time graph, time is taken along x-axis and 
speed is taken along y-axis. 


OBJECT MOVING WITH CONSTANT SPEED 


When the speed of an object is constant (4 ms") 
with time, then the speed-time graph will be a horizontal 
line parallel to time-axis along x-axis as shown in 
ure 2.22. In other words, a straight line parallel to time 
represents constant speed of the object. 


CT MOVING WITH UNIFORMLY CHANGING 
PE niform acceleration) 


Figure 2.22: Speed-tim 
graph showing constant 
speed. 


unife 
rate. 
such as 


shown in figure 2.23. 
SOLUTION 
On the graph in figured 23) point A gives speed 
of the object as 2 ms“ after5 s int B gives speed 
of the objectas 4 ms ‘after 10s 
t(s) as acceleration = slopeof 


where slope = 
Figure 2.23: Graph of an 


object moving with unifrm 


: -acceleration 
acceleration. 
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peed-time graph in figure 2.23 gives 
ion of the object as 0.4 ms”. 


acceleration from speed-time graph 


igure 2.24 shows that the speed of 
ith time. The speed after 5s is 
4ms" and it becomes 2 msýafter 10 s. 


as acceleration = slope ofCD 
Figure 2.24: Graph of an 
object moving with uniform 
deceleration. 
2 = s“ 


5s 
Speed-time graph in figure 2: gles negative 
slope. Thus, the object has deceleration.of 0.4 msi’. 
DISTANCE TRAVELLED BY A MOVING ky 


The area under a speed-time graph 5 ee S 
the distance travelled by the object. If the motion 
uniform then the area can be calculated using appropriate 


formula for geometrical shapes represented by the g 


EXAMPLE 2.9 


A car moves in a straight line. The speed-time 
graph of its motion is shown in figure 2.25. 


From the graph, find 
(a) Its acceleration during the first 10 seconds. 


(b) Its deceleration during the last 2 seconds. 


(c) Total distance travelled. 


(d) Average speed of the car during its journey. 


of acar during 30 seconds. 
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SOLUTION 


(a) Acceleration during the first 10 seconds 


change in velocity 
time taken 


16 ms™'— 0 ms” 
10s 


1.6 ms” 


(b) Acceleration during the last 2 seconds 


o _ Oms'-16ms' 
7 2s 
AN ie 


(c Total distance travelled 
= area under the graph 
(trapezium OABC) 
=— (sum of parallel sides)xheight 
Z, (18 s+30 s)x(16 ms) 


(48 s)x(16 ms _) 


4m 


distance covered 
Time taken 


(d) Average speed 


2.6 EQUATIONS OF MOTION 


There are three basic equations of motion for 


bodies moving with uniform ce ion. These 
equations relate initial velocity, final velocity, 
acceleration, time and distance covered oving 


body. To simplify the derivation of these {e s, we 
assume that the motion is along a straig 
we consider only the magnitude of disp 
velocities, and acceleration. 


Consider a body moving with initial 


ity 
v, in a straight line with uniform acceleration a. O 
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omes v, after time t. The motion of body is 
y speed-time graph as shown in figure 2.26 by 
ope of line AB is acceleration a. The total 
by the body is shown by the shaded 
ine AB. Equations of motion can be 


distance 
area un 
obtainede 


Speed 
for the motion of a body is 


shown in figure 2.26. e of line AB gives the 
acceleration a of a body. 
BD-CD 


Slope of line AB = a = 
OD 
as BD = v,, CD= v; nd =t 
v.-v. Figure 2.26: Speed-time graph. 
Hence a = — I Area under the graph gives the 
t f distance covered by the body. 


or V;— V; = at 


ae yY=Vtat... GF ¥\2.5) 
SECOND EQUATION OF MOTION 


In speed-time graph shown in figu ie s 
total distance S travelled by the body is equal te 
area OABD under the graph. Thatis 
Total distance S= area of (rectangle OACD + triangle 


ABC) 


Area of = OA x OD 
rectangle OACD 
= vxt ” ( \ 

Area of 1 
triangle ABC “9 CAG Ree O 

=— txat A 
Since Total area = area of rectangle OACD 
OABD + area of triangle ABC O 
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Putting values in the above equation, we get 
S = vit + 1 txat 
2 


S= vit +S at vec see ces ace ae. (2.6) 


THIRD EQUATION OF MOTION 

In speed-time graph shown in figure 2.26, the total 
distance S travelled by the body is given by the total area 
OABD under the graph. 


$ 
Sy OABD =S = At, OD 
of 25 =(OA+BD)xOD 


ulti oth sides by we get: (or D a) 


op 
BC 


x ee = (OA + BD) x OD x — 
OD OD 
x = = (OA + BD) x BC ... (2.7) 
Putting non above equation 2.7, we get 
<C>. v) x (v= v) 
2 


. (2.8) 


EXAMPLE 2.10 


A car travelling at elerates uniformly at 
2 ms*. Calculate its veloctyaer Ss 


SOLUTION F~ 
; = 10 ms” 


Vi 
a 


+ 
=2 ms” ( ) 
t = 5s O 
Vi =? 
Using the equation (2.5), we get A 


Vi =vV;+at 


v  =10ms'+2ms x5s © 
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Vy =20ms 


velocity of the car after 5 s is 20 ms 


ws down from 80 kmh‘ with a uniform 
 . How long will it take to attain a 


USEFUL INFORMATION 


e To convert ms ‘to kmh“ 
1 ms‘ = 0.001 km x 3600h' 


= 3.6 kmh" 7 
The Multiply acceleration in ms 
by 3.6 to get speed in kmh ‘e.g. 


= 20x3.6 kmh" 
= 72 kmh” 
e To convert kmh“to ms“ 


20 ms” 


- «a _1000m _ 10 = 
a J- Lemn pocos 3 T 
=o, 
. i l i Thus multiply speed in kmh" by 
Using equation 2.4, we get 46 
V = j\Vv + at 36 '° get speed in ms" e.g., 
V-V; 
or t= i 10 
a 50kmh! = 50 aq ms" 
5.6 ms” - 22.2 ms’ 
-2 ms” 
or t =83s 
Thus the train will take 8.3 s to attain the required speed. 
EXAMPLE 2.12 


A bicycle accelerates at 1 ms”? from an initial 
velocity of 4 ms‘ for 10 s. Find the distance moved by it 
during this interval of time. 


SOLUTION 
v =4ms_ 
—2 
a =1ms 
t =10s 


S =? 
Applying equation (2.6), we get O 
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S =v;t+% at? 
S =4ms'x10s+% x1 ms” x (10s)? 
or S =40m+50m =90m 
Thus, the bicycle will move 90 metres in 10 seconds. 


EXAMPLE 2.13 


A car travels with a velocity of 5 ms”. It then 
accelerates uniformly and travels a distance of 50 m. If 
the velocity reached is 15 ms”, find the acceleration 

+ and the time to travel this distance. 


LUTION 


Vi =5ms 
S =50m 
CG 7 =15ms"' 
a =? 
Oy: 7 
es 


Putting 


e third equation of motion, we get 


=v- vf 


15 ms’)? — (5 ms”)? 


~ 


or a 


Using first equation of motion we get 
V; =V;+at 


15ms' =5ms +2" 


xt 
-1 -1 -2 
15ms —5ms =2ms xt 
or 2ms°xt=10ms" 


10 ms” 
or t = = 
2 ms 
= 5s 


Thus, the acceleration of the car is 2 ms” an 
takes 5 seconds to travel 50 m distance. 
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ION OF FREELY FALLING BODIES 


op an object from some height and observe 
: es its velocity increase, decrease or 
remain co s it approaches the ground? 


the first scientist to notice that all 
jects have the same acceleration 
asses. He dropped various 
objects of differen s from the leaning tower of 
Pisa. He found that all of them reach the ground at the 
same time. The accêleration of freely falling bodies is 
called gravitational acceleration. It is denoted by g. 
On the surface of the Earth, i e is approximately 
10 ms”. For bodies falling down y gis positive and 
is negative for bodies moving up. 


independent 


EXAMPLE 2.14 


Astone is dropped from th ower. The 
stone hits the ground after 5 seconds. Fin 


e the height of the tower. 

e the velocity with which the stone hits the ; 
SOLUTION 

Initial velocity v, = 0 


Gravitational acceleration g = 10 ms” 


t =5s 
S = =? 
V =? EQ NS OF MOTION 
i ; F S MOVING 
(a) Applying the equation UNDER GRAVITY 
h = vit+ %2 gť, we get 
-2 2 ve iam i 
h =0x5s + %x10ms~ (5s) A 
or h =0 + 125m a / : 
h = 125m 


(b) Applying the equation 
Vi-v~p =2gh 
ve-(0) = 2x10ms -x125m 


vê =2500 m's” 
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vy = 50ms 
Thus the height of the tower is 125 metres and it will 

hit the ground with a velocity of 50 ms”. 

EXAMPLE 2.15 


A boy throws a ball vertically up. It returns to the 
ground after 5 seconds. Find 


(a) the maximum height reached by the ball. 
(b) the velocity with which the ball is thrown up. 
SOLUTION 


nitial velocity (upward) v=? 


itational acceleration g = -10 ms 
Fimesfor up and down motion f = 5s 
Voci at maximum height v; = 0 
S=h =? 

As th ation due to gravity is uniform, hence 
the time t ta the ball to go up will be equal to the 
time taken toc wn = ¥2 to 

or ft = s=2.5s 
(b) applying equation (2.5), we get 


z. V; = 25ms 
(a) Applying the equation (2.6), we get 
h = vt+1/2gt? * 
h rn oH 


or h = 62.5 m-31.25m = 

Thus, the ball was thrown up with of 
25 ms" and the maximum height to which the ball.ri 
is 31.25 m. 
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g as absolute rest or 


absolute motion. + 


Motion can be divided into the following 
three types. 
e Translatory moti 
body moves without a 


spins aboutits axis. 
e Vibratory motion: In which a 
moves to and fro about its 
position. 
Physical quantities which are complete 
described by their magnitude only are 
known as scalars. 
Physical quantities which are described 
by their magnitude and direction are 
called vectors. 
Position means the location of a certain 
place or object from a reference point. 
The shortest distance between two 
points is called the displacement. 
The distance travelled in any direction by 
a body in unittime is called speed. 
If the speed of a body does not change 
with time then its speed is uniform. 


Average speed of a body is the ratio of 
the total distance covered to the total 
time taken. 


51 
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We define velocity as rate of change of 
displacement or speed in a specific 
direction. 


Average velocity of a body is defined as 
the ratio of its net displacement to the total 
time. 


If a body covers equal displacements in 
equal intervals of time, however small the 
interval may be, then its velocity is said to 
be uniform. 


The rate of change of velocity of a body is 
called acceleration. 


A body has uniform acceleration if it has 
equal changes in its velocity in equal 
intervals of time, however small the 
interval may be. 


Graph is a pictorial way of describing 
rmation as to how various quantities 
elated to each other. 


‘slope of the distance-time graph gives the 


placement-time graph 
e body. 


Distance co body is equal to 
area under speed - time graph. 
Speed-time graph useful for 
studying motion along ght line. 


The distance travelled b 


a body can also 
be found from the area under city - 
time graph if the motion is alo raight 
line. 
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+ Equations of motion for uniformly 
accelerated motion are: 
é ve =V + at 


. 6 svt+i at’ 


e 2aS= Vi = ve 


+ 
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When a body is dropped freely it falls 
down with an acceleration towards 
Earth. This acceleration is called 
acceleration due to gravity and is 
denoted by g. The numerical value of 
g is approximately 10 ms”? near the 
surface of the Earth. 


QUESTIONS 


9.1Encircle the correct answer v. from 
the given choices: — 


j, A body has translatory motion if it 
moves along a 


straight line 


line without rotation 


) 
b) circle 
c) 


( 
( 
( 
(d) curved path 
ii. The motion of a body about an “axis is 

called 

(a) circular motion 

(b) rotatory motion 
(c) vibratory motion 
(d) 


d) random motion 


Which of the following is a vector 
quantity? 


(a) speed (b) distance 
(c) displacement (d) power 


iv.lf an object is moving with constant 
speed then its distance-time graph will be 
a Straightline. 

a) along time-axis 

b) along distance-axis 

c) parallel to time-axis 


( 
( 
( 
(d 


) 
) 
) 
) 


inclined to time-axis 


V. 


vi. 


Astraight line parallel to time-axis on a 
distance-time graph tells that the 
objectis 

(a) moving with constant speed 

(b) at rest 

(c) moving with variable speed 

(d) in motion 

The speed-time graph of a car is 
shown in the figure, which of the 
following statement is true? 


(a) car has an acceleration of 1.5 m° 


(b) car has constant speed of 
75 ms ' 


(c) distancestravelled by the car is 
75m 


(d) average «speed of the car is 


t(s) 
0 10 


(vi) Speed-time graph of a car. 
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one of the following graphs is 2.2 Explain translatory motion and give 
senting uniform acceleration? examples of various types of 
translatory motion. 


q 2.3 Differentiate between the following: 
(i) Rest and motion. 
(b) : (ii) Circular motion and 


rotatory motion. 


v (iii) Distance and displacement 
(iv) Speed and velocity. 
(c) t (d) t (v) Linear and random motion. 
+ (vi) Scalars and vectors. 
viii. By dividing displac of oving 2.4 Define the terms speed, velocity, and 


body with time, we obtain acceleration. 


(a)speed (b) acceleration 2.5 Can a body moving at a constant 


(c) velocity (d) decelerati speed have acceleration? 


2.6 How do riders in a Ferris wheel 
possess translatory motion but not 
rotatory motion? 

(a) -10 ms" (b) zero Sketch a distance-time graph for a 


(c)10 ms? (d) none of these y starting from rest. How will you 
ermine the speed of a body from 


: a ; uld be the shape of a speed - 


xi. A train is moving at a speed of 2.9 Whic 


ix. A ball is thrown vertically upi 
Its velocity at the highest pointis : 


x. Achangein position is called: 
(a) speed (b) velocity 2. 
(c) displacement (d) distance 


36 kmh”. Its speed expressed in ms” i d - time graph of a 
is: 
(a) 10 ms" (b) 20 ms” (i) Initial speed 
ii) Fin eed 
we mg oo ne eae! cov in time t. 
xii. Acar starts from rest. It acquires a speed (iv) Acceleratior ae 
of 25ms ‘after20s. Thedistancemoved 2.10How can vector be 


represented graphically? 
by the car during this time is: j gep ” 


(a) 31.25 m (b) 250 m 
(c) 500 m (d) 5000 m 


2.11Why vector quantities ca 
added and subtracted likescalar 
quantities? 
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are vector quantities important 2.14 Sketch a velocity - time graph for 
in our daily life? the motion of the body. From the 
graph explaining each step, 


equations of motion for i 
Ao calculate total distance covered 
accelerated rectilinear by the body. 


PROBLEM 


2.1 Atrain moves iform velocity 2.7 A train staring from rest, 


of 36 kmh” fof 10 s. Find the distance accelerates uniformly and attains 
travelled byit. © (100 m) a velocity 48 kmh” in 2 minutes. It 


travels at this speed for 5 


2.2 A train starts fro st. 
through 1 km in 100 s 
acceleration. What will be i 
at the end of 100s. 


minutes. Finally, it moves with 
uniform retardation and is 
stopped after 3 minutes. Find the 
total distance travelled by the 
2.3 A car has a velocity of 10 train. (6000m) 
accelerates at 0.2 ms” for ‘he 
minute. Find the distance travelle Æ A cricket ball is hit vertically 


during this time and the final velocity upwards and returns to ground 
of the car. s later. Calculate (i) maximum 
-1 
(390 m, 16 ms ) sight reached by the ball, 
2.4 A tennis ball is hit vertically upward “wo itial velocity of the ball. 

with a velocity of 30 ms . It takes 3 s P 
to reach the highest point. Calculate (45m, 30 ms ) 

the maximum height reached by the , 
ball. How long it will take to returnto 29 Whe s are applied, the 
ground? spe in decreases from 
(45 m, 6 s) 96 k mh“ in 800 m. 


2.5 A car moves with uniform velocity of How muc will the train 
40 ms" for 5 s. It comes to rest in the move before coming to rest? 
next 10 s with uniform deceleration. (Assuming the r ion to be 
Find (i) deceleration (ii) total constant). (286.66 m) 
distance travelled by the car. 

-2 
(ms 00 my) 2.10 In the above probl the 


2.6 A train starts from rest with an 
acceleration of 0.5 ms”. Find its 
speed in kmh”, when it has moved 
through 100 m. (36 kmh’) 


time taken by the tra p 
after the application of b 
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define momentum, force, inertia, friction and 
centripetal force. 


solve problems,using the equation 
Force = change in entum / change in time. 


explain the concep force by practical 
examples of daily life. 


state Newton's laws of m 


distinguish between mass eight and solve 
problems using F= ma, and w= mg. 


calculate tension and accelerati 
during motion of bodies connected 
and passing over frictionless p 
second law of motion. 


state the law of conversation of momentum 


use the principle of conservation of momentum i 
the collision of two objects. 


determine the velocity after collision of two 
objects using the law of conservation of 
momentum. 


explain the effect of friction on the motion of a 
vehicle in the context of tyre surface, road 
conditions including skidding, braking force. 


demonstrate that rolling friction is much lesser 
than sliding friction. 


list various methods to reduce friction. 
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> explain that motion in a curved path is due toa 
perpendicular force on a body that changes 
direction of motion but not speed. 
> calculate centripetal force on a body moving ina 
circle using mv’ /r. 
> state what will happen to you while you are 
sitting inside a bus when the bus 
(i) starts moving suddenly 
(ii) stops moving suddenly 
(iii) turns a corner to the left suddenly 
write a story about what may happen to you 
when you dream that all frictions suddenly 
isappeared. Why did your dream turn into a 
nightmare? 


SCIENCE, TECHNOLOGY AND SOCIETY 

CONNECTION 

The students will beak 

> identify the princi mics with reference 
to the motion of huma ings, objects, and 
vehicles (e.g. analys wing of a ball, 
swimming, boating and rocket motion). 

> identify the safety devices | ( 


and seatbelts) utilized to reduc 
changing momentum. 


> describe advantages and disadv es Of 

; friction in real - world situations, as S 
Figure 3.1: The food vendor methods used to increase or reduce friction in 
on move these situations (e.g. advantages of frictio 


onthe surface of car tyres (tyre tread), cycl 
parachute, knots in string; disadvantages o 
friction, and methods for reducing friction 
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ween moving parts of industrial machines and 
eels spinning on axles). 


> i e use of centripetal force in (i) safe 
drivi anking roads (ii) washing machine 
dryer (iii separator. 
In kinemati have studied the changes in 
motion only. O nding about the changes in 


motion is of little value without knowing its causes. The 
branch of mechanics that deals with the study of motion 


of an object and the se 


dynamics. In this unit, w y momentum and 


investigate what causes a cha otion of a body ii 
Figure 3.2: Ball is turned into 
different direction as it is 


inquiry leads us to the concept of shall also Pushed by the batsman. 


and what role the mass of a bo motion. This 


study the laws of motion and their applicatio 


3.1 FORCE, INERTIAAND MO 


understand various terms such as force, inertia 
momentum. 
FORCE a T 
We can open a door either by pushing or pulling it Bes 
Figure 3.1 shows a man pushing a cart. The push may 
move the cart or change the direction of its motion or may 
stop the moving cart. A batsman in figure 3.2 is changing 
the direction of a moving ball by pushing it with his bat. 
A force may not always cause a body to move. 
Look at the picture shown in figure 3.3. Aboy is pushing a 
wall and is thus trying to move it. Could he move the wall? 
A Goalkeeper needs a force to stop a ball coming to him 


aup Figure 3.4: Goalkeeper is 
as shown in figure 3.4. Thus, we understand that stopping the ball. O 
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A force moves or tends to move, stops or tends to stop 
the motion of a body. The force can also change the 
direction of motion of a body. 


What happens when you press a balloon? 


You can cut an apple with a knife by pushing its 
sharp edge into the apple. Thus a force can also change 
the shape or size of a body on which it acts. 


INERTIA 


Galileo observed that it is easy to move or to stop 
t objects than heavier ones. Heavier objects are 
It to move or if moving then difficult to stop. Newton 


Inertia of is its property due to which it resists 
any change in its’State of rest or motion. 


- Let us perfo eriment to understand inertia. 
<a | 
4 EXPERIMENT 3. 


Take a glass a 
Place a coin on the car 
flick the card horizontally 


it with a piece of cardboard. 
s shown in figure 3.5. Now 
jerk of your finger. 


; oe dboard? 
Figure 3.5: The coin fails f ; 
into the glass as the card The coin does not move with cardboard due to 


Does the coin move wit 


flicks away. inertia. 
Where does the coin go as the cardboardflies away? 
Consider another example of ine ia. ou a strip of 
paper. Place it on the table. Stack a few°co its one 
s end as shown in figure 3.6. Pull out the pap der 
E the coins with a jerk. 
Do you succeed in pulling out the paper st r 


the stacked coins without letting them to fall? 


Figure 3.6: Coins stacked over Why do the coins remain stacked on pulling out the pa 
remain undisturbed on pulling. strip quickly under the stack? 
the paper strip quickly 
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Pam aaa n le (3.1) 
Momentum is a vecto j ts SI unit is 
kgms“. 
3.2 NEWTON'S LAWS OF MOTI 


| 
Newton was the first to formulate t f 


motion known as Newton's laws of motion. 
NEWTON'S FIRST LAW OF MOTION 


part of the law is true as we observe that objects do no 
move by themselves unless someone moves them. For 
example, a book lying on a table remains at rest as long 
as no net force acts on it. 
Similarly, a moving object does not stop moving by + 

itself. A ball rolled on a rough ground stops earlier than 

that rolled on a smooth ground. It is because rough 

surfaces offer greater friction. If there would be no force 

to oppose the motion of a body then the moving body 

would never stop. Thus Newton's first law of motion 


states that: 

A body continues its state of rest or of uniform 

motion in a straight line provided no net force acts O 
on it. 
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Since Newton's first law of motion deals with the 
inertial property of matter, therefore, Newton's first law of 
motion is also known as law of inertia. 


We have observed that the passengers standing 
in a bus fall forward when its driver applies brakes 
suddenly. It is because the upper parts of their bodies 
tend to continue their motion, while lower parts of their 
bodies in contact with the bus stop with it. Hence, they fall 
forward. 


NEWTON'S SECOND LAW OF MOTION 


Newton's second law of motion deals with 
ituations when a net force is acting on a body. It states 


When a bus takes a sharp A 
passengers fall in the outward 


they want to continue their 
in a straight line and thus fe 
outwards. 


jreesproduces an acceleration a in a body of 
mass m, then we state mathematically that 
oc F 


1 
and O; 
or a P 
or F 
Putting k as O) tant, we get 
F = kma 5 ww. (3.2) 
In SI units, the value of k c ye o be 1. Thus 


Eq. 3.2 becomes 
F = ma 


SI unit of force is newton (N). Accordi lewton's 
second law of motion: 


One newton (1 N) is the force that produ 
acceleration of 1 ms ‘ina body of mass of 1 kg. 


Thus, a force of one newton can be expressed as 
1N = 1kgx1ms~ 


or 1N = 1kgms~ is ase (8.4) 
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using the formula 


20N “= 8kg 
én 
or a = 


Thus acceleration produced by the force is 2. 


EXAMPLE 3.2 


A force acting on a body of mass 5 k 


r ae O 
an acceleration of 10 ms*. What acceleration tl see 
force will produce in a body of mass 8 kg? 
SOLUTION 

Here m, = 5kg A) 


Mz = 8kg 4~ 

a,=10 ms” 

az=? + ( N 
Applying Newton’s second law of motion, we get O 


F= may, 


F= moa 
Comparing the equations, we get “Lp 
mya1= M282 
(5kg) (10ms *)= (8kg) a2 © 
or a> =6.25 ms” 
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Hence, the acceleration produced is 6.25 ms”. 


EXAMPLE 3.3 

Acyclist of mass 40 kg exerts a force of 200 N to move 
his bicycle with an acceleration of 3 ms*. How much is the force 
of friction between the road and the tyres? 


SOLUTION 
Here m = 40kg 
a = 3ms” 
T F, = 200 N 
Poe F=? 
or ffrictionf = ? 
repre F=ma 
L = 40kg x3 ms” 
= 120 N 
Be Am = Applied Force - Force of friction 
12 200N — f 
Hence ON 
Thus, the forc ion between the road and the 
tyres is 80 N. 
MASS AND WEIGHT 
rs 1 newton 


-7 — Spring balance 


= 


Figure 3.7: Spring balance is 
used to measure the force or 
weight of a body. 


Generally, mass and CA considered similar 


quantities, but it is not correct. are two different 
quantities. Mass of a body is the quantity of matter 
possessed by the body. Itis a scal Ge r does not 
change with change of place. It{is measured by 


comparison with standard masses beam 


balance. 
On the other hand, weight of a body i force 
equal to the force with which Earth attracts it. es 


depending upon the value of g, acceleration due 
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eight woi a body of mass m is related by the 
eq 
STNG) E (3.5) 

force and thus it is a vector quantity. 
(N); the same as force. Weight is 


Newton of motion deals with the 
ce acts on it. Let a body 
B, the body B reacts 
on body A. The force 
force whereas the 


To every action there is al equal but 


opposite reaction. 
According to this law, action/.is..always 


accompanied by a reaction force an et orces 
must always be equal and opposite. Note t i nd 


om 9 


figure 3.8. The weight of the book is acting on the table 


reaction forces act on different bodies. 
Consider a book lying on a table as s 


downward direction. This is the action. The reaction of 
table acts on the book in the upward direction. Consid 
another example. Take an air-filled balloon as shown in 
figure 3.9. When the balloon is set free, the air inside it rushes 
out and the balloon moves forward. In this example, the action 
is by the balloon that pushes the air out of it when set free. The 
reaction of the air which escapes out from the balloon acts on 
the balloon. It is due to this reaction of the escaping air that 
moves the balloon forward. 


A rocket such as shown in figure 3.10 moves on 
the same principle. When its fuel burns, hot gases 
escape out from its tail with a very high speed. The 


Unit 3: Dynamics 


Figure 3.8: Action of the book 
and reaction on it. 


Figure 3.9: Reaction of the air 
ed out of the balloon moves it. 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


ics IX 


Figure 3.11: Weight of the block 
pulls the string downwards. 


mg 
Figure 3.12: Bodies attached to 
the ends of a string that passes 
over a frictionless pulley. 
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reaction of these gases on the rocket causes it to move 
opposite to the gases rushing out of its tail. 


Quick Quiz 
Stretch out your palm and hold a book on it. 
1. How much force you need to prevent the book from falling? 
2. Which is action? 


3. Is there any reaction? If yes, then what is its direction? 


m ENSION AND ACCELERATION IN A STRING 
Consider a block supported by a string. The upper 
tr 


f the string is fixed on a stand as shown in 
fi 3.11. Let w be the weight of the block. The block 
Ils t tring downwards by its weight. This causes a 


te e string. The tension Tin the string is acting 
upwa lock. As the block is at rest, therefore, the 
weight of the/block acting downwards must be balanced 


by the upwards tension 7 in the string. Thus the tension T 
in the string mustbe equal and opposite to the weight w of 
the block. 


VERTICAL MOTI 
THE ENDS OF A ST 
FRICTIONLESS PULL 
Consider two bod OY masses m, and m, 
respectively. Let m, is greater ». The bodies are 
attached to the opposite ends o inextensible string. 
The string passes over a frictionless pulley as shown in 
figure 3.12. The body A being heavier be moving 
downwards with some acceleration L is acceleration 
be a. At the same time, the body B at Athe other 
end of the string moves up with the sam 
As the pulley is frictionless, hence tensic 


same throughout the string. Let the tension i 
beT. 


O BODIES ATTACHED TO 
HAT PASSES OVER A 


Since the body A moves downwards, h 
weight m,g is greater than the tension Tin the string. 


Net force acting on body A = mg- T 
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ccording to Newton s second law of motion; 
mg-T=ma wee aes eee (3.6) 
B moves upwards, hence its weight m.g 
is less than sion Tin the string. 

ing on body B= T-m,g 


Accordin ton's second law of motion; 


Adding Eq. 3.6 an 3.7, we get acceleration a. 


q. 
a2 29 1. 2. (38) 


Divide Eq. 3.7 by Eq. 3.6, to find tension Tin the string. 


T (3.9) 
The above arrangementi Known as Atwood 
machine. It can be used to find the a eration gdue to 
gravity using Eq 3.8, 


2m,+m, 
g = ———— a 
m,- Ms, 
EXAMPLE 3.4 


Two masses 5.2 kg and 4.8 kg are attach oth 
ends of an inextensible string which passes o 


frictionless pulley. Find the acceleration in the sy 


and the tension in the string when both the masses ar 
moving vertically. A) 


SOLUTION 
m, = 5.2kg 
mz =4.8 kg ood machine is an 
objects 
m - m, 
as a c Åe of unequal masses such as 
m, + m, shown in figuref3 Both 
he objects a d to 
2kg-4.8k g ; ata 
=, Aeg Aad ages the ends of a strin e 
5.2kg+ 4.8kg string passes o 
a =04ms? 
2m, m, 
as T = ——— used to find the accele 
mM, + mM due to gravity. 
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2x5. : = 
_ x5.2kgx 4.8kg Aime 
5.2kg+ 4.8kg 
T =50N 


Thus the acceleration in the system is 0.4 ms? 
and tension in the string is 50 N. 


MOTION OF TWO BODIES ATTACHED TO THE ENDS 
OF A STRING THAT PASSES OVER A FRICTIONLESS 
PULLEY SUCH THAT ONE BODY MOVES 
ERTICALLY AND THE OTHER MOVES ON A 
OOTH HORIZONTAL SURFACE 


Consider two bodies A and B of masses m, and 
sspectively attached to the ends of an inextensible 


mg ith an acceleration a. Since the string is 


Figure 3.13: Motion of masses erefore, body B also moves over the 
attached to a string that passes 
over a frictionless pulley. 


horizontally over the smooth s 


As body Bhas no vertical motion, henc Itant 
of vertical forces(m,g and R) must be zero. 


Thus, the net force acting on body Bis T. 
According to Newton's second law of motion; © 
T = mea et gee tee, Cer) 
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(3.13) 


Two masses 4kg and 6 kg are attached to the ends 
of an inextensible string which passes over a frictionless 
pulley such that mass 6,kg is 
horizontal surface and the m 


tension in the string. 


SOLUTION m, = 4kg L 
Mo = 6kg i 
as a = ———-g9 
m +m, 
4k 
ee x10m 
4 kg+6 kg O 
5 a =4ms~ 
as o a di 
m +m, A) 
4k z 
4 kg+6 kg 
T =24N 


Thus the acceleration in the system is 4 ms” and 
tension in the string is 24N. 


FORCE AND THE MOMENTUM 


Consider a body of mass m moving with initial 
velocity v. Let a force F acts on the body which 
produces an acceleration a in it. This changes the 
velocity of the body. Let its final velocity after time 
becomes v,. If P, and P, be the initial momentum and 
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Air enclosed in the cavities of thes 
materials makes them flexible and)sof 
During any mishap, they increase the 
impact time on fragile objects. A 
increase in impact time lowers the rate of 
change of momentum and hence 
lessens the impact of force. This lowers 
the possible damage due to an accident. 


USEFUL INFORMATION 


In an accident at high speed, the impact 
force is very large due to the extremely 
short stopping time. For safety purposes, 
vehicles have rigid cages for passengers 
with crumple zones at their front and rear 
ends. 


During an accident, 
collapse. This increases the impact time 
by providing extra time for crumpling. The 
impact of force is highly reduced and 
saves the passengers from severe 
injuries. 


crumple zones 
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final momentum of the body related to initial and final 
velocities respectively, then 


P; = MV; 
and P; = mv; 
Change in = final — initial 
momentum momentum momentum 
or č P;,-P; = mv - mv; 


Thus the rate of change in momentum is given 

by: 
P. -P 
t t 


Vr — Vi isthe rate of change of velocity 
t 


According to on's second law of motion, 


(3.14) 


acceleration in the at x= ° be equal to the 
rate of change of moment ody. 
SI unit of momentum defi ae 3.14 is 


newton-second (Ns) which is the sar 


EXAMPLE 3.6 
A body of mass 5 kg is moving 
10ms’. Find the force required to stop itin 2 s 
SOLUTION m = 5kg 
vy = 10ms™ 
v% = 0ms” 
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t =2s USEFUL INFORMATION 
ik 4 In case of an accident, a 
P; = 5kgx10ms person not wearing seatbelt will 


= 50 Ns continue moving until stopped 
= 5kgx0 ms" suddenly by something before 
= ONs him. This something may be a 
windscreen, another passenger 

A-A pe 


or back of the seat in front of 

t him/her. Seatbelts are useful in 

two ways: 

° They provide an external force 
to a person wearing seatbelt. 


since 


° The additional time is required 
for stretching seat belts. This 
prolongs the stopping time for 
momentum to change and 
reduces the effect of collision. 


interacting 
ing. If no 
unbalanced or net force acts on a syste 
to equation 3.14 its momentum remains 
the momentum of an isolated system Ás 
conserved. This is the Law of Conservation of Mo 
It states that: 


The momentum of an isolated system of two o 
more than two interacting bodies remain 


constant. A) © 
Consider the example of an air-filled balloon as described 


b i 
under the third law of motion. In this case, balloon and the oo 
air inside it form a system. Before releasing the balloon, 


the system was at rest and hence the initial momentum of N 

the system was zero. As soon as the balloon is set free, air 

escapes out of it with some velocity. The air coming out of M4 NG 
it possesses momentum. To conserve momentum, the 

balloon moves in a direction opposite to that of air rushing (c) After c 


out. 


-~ 


Figure 3.14: Collisio 
Consider an isolated system of two spheres of bodies of spherical shapes. 


masses m, and m, as shown in figure 3.14. They are 
moving in a straight line with initial velocities u, and u, 
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respectively, such that u, is greater than u,. Sphere of mass 
m, approaches the sphere of mass m, as they move. 


Initial momentum of mass m, = mu, Initial momentum 


of mass m, = m,u, Total initial momentum of 
the system before collision = m,u,+m,u, ... (3.15) 


After sometime mass m, hits m, with some force. 
According to Newton's third law of motion, m, exerts an 
equal and opposite reaction force on m,. Let their velocities 
$ ome v,and v, respectively after collision. Then 


omentum of mass m, = mv, Final 


m of mass m,= Mm,V, 


Total fi EMUMOU = MV EMN giam (3.16) 
the sy ‘A collision 
he | 


According t conservation of momentum 
Total initial mo m of =| Total final momentum 
the system bef n the system after collision 


mMıUı lo = MV1 + MVə ... (3.17) 


Equation 3.17 sh he momentum of an 
isolated system before and lisions remains the 
same which is the law of conservatio momentum. Law of 
conservation of momentum is an i aw and has vast 
applications. 


Consider a system of gun anda llet. Before firing 
the gun, both the gun and bullet are at restyso,the total 
momentum of the system is zero. As the g , bullet 
shoots out of the gun and acquires momentum. Te erve 
momentum of the system, the gun recoils. Acc to the 
law of conservation of momentum, the total mom 
the gun and the bullet will also be zero after the gu 
Let m be the mass of the bullet and v be its velocity on firi 
the gun; M be the mass of the gun and V be the velocity 
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it recoils. Thus the total momentum of the gun 
after the gun is fired will be; 


Total momentum o Total momentum of the 
gun and the bull gun and the bullet before 
the gun is fired $ he gun is fired 
Sa MV+m A 
or MV =- 
Hence V=- g «Saxe (3.19) 
Equation 3.19 gives the ve of the gun. 
Negative sign indicates that velocity of th nis osite to 


the velocity of the bullet, i.e., the gun recoil n 
the gun is much larger than the bullet, therefor il is 
much smaller than the velocity of the bullet. 

Rockets and jet engines also work on the same 
principle. In these machines, hot gases produce 
burning of fuel rush out with large momentum. KY 
machines gain an equal and opposite momentum. This 
enables them to move with very high velocities. 


EXAMPLE 3.7 


A bullet of mass 20 g is fired from a gun with a 


l O 
muzzle velocity 100 ms”. Find the recoil of the gun if its 
mass is 5 kg. 


SOLUTION m = 20g = 0.02 kg 
v = 100 ms” 

5kg 

V =? 


S 
Il 
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According to the law of conservation of momentum: 
MV+mv =0 
Putting the values, we get 
z. 5 kg xV + (0.02 kg)x(100 ms") = 0 
or 5kgx V = —(0.02 kg)x(100 ms) 


(0.2 kg)x(100 ms”) 
5 kg 


PN = -0.4 ms” 
The negative sign indicates that the gun recoils i.e., 
m 


or V=- 


Figure 3.15: A cyclist keeps 
on pedalling to overcome 
friction. 


Friction is a force 


many factors such as nature o fei o surfaces in contact 
and the pressing force between Rub your palm over 
different surfaces such as table,.cai polished marble 
surface, brick, etc. You will find oother is the surface, 
Figure 3.16: To walk or torun easier it is to move over the surface. Mor , harder you 
friction is needed to push the press your palm over the surface, more difficult would it be 


ground backward to move. 
Why friction opposes motion? bal ace is 


perfectly smooth. A surface that appears smooth pits 
and bumps that can be seen under a microscope; Fig 
3.17 shows two wooden blocks with their polish 
surfaces in contact. A magnified view of two «S 


surfaces in contact shows the gaps and © 
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TIDBITS 


Coldwelds 


Figure 3.17: A ma the two surfaces in contact. 


contacts between them The contact points between the Pushing the opposite 
two surfaces form a sort of col s. These cold welds | walls by palms and feet 
resist the surfaces from sliding over each other. Adding | increases friction. This 
weight over the upper block increases the force pressing | enables the boy to move up 
the surfaces together and creases the | onthewalls. 

resistance. Thus, greater is the press e greater will 


be the friction between the sliding surfa 
Friction is equal to the applied for ends to 


move a body at rest. It increases with the applied force. 
Friction can be increased to certain maxi . It 
does not increase beyond this. The maximu alue O 


friction is known as the force of limiting frictio 
depends on the normal reaction (pressing force) bety 
the two surfaces in contact. The ratio between the forceo 
limiting friction F, and the normal reaction R is const nf 
This constant is called the coefficient of friction and i 
represented by U. 


Coefficient of friction between 
some common materials 


Fs 
Thus =— a ane eae 3.20 
ae (3.20) 
or Pes WR ie ak de (3.21) 


If m be the mass of the block, then for horizontal 
surface; 


RS mg Bk ax xe (3.22) 
Hence F; = umg Hie: a wae (3.23) 


Friction is needed to walk on the ground. It is 
risky to run on wet floor with shoes that have smooth 
soles. Athletes use special shoes that have 
extraordinary ground grip. Such shoes prevent them 
from slipping while running fast. What will we do to stop 
our bicycle? We will apply brakes. The rubber pads 


Wood and Metal 


Wood and Concrete 
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pressed against the rims provide friction. It is the friction that 
stops the bicycle. 


QUICK QUIZ 


Which shoe offer less friction? 


Which shoe is better for walking on 
dry track? 


Which shoe is better for jogging? 
Which sole will wear out early? 


Wheel is one of the most important inventions in 
istory of mankind. The first thing about a wheel is that 


Figure 3.18: Friction may cause 
the body to roll. 


points of the wheel in a direction 


g opposite to th lied force. The wheel rolls without 
rupturing the col s. That is why the rolling friction is 
extremely small the ding friction. The fact that rolling 
friction is less th ie? g friction is applied in ball 
bearings or roller bearing duce losses due to friction. 

Figure 3.197 A Dall bearing The wheel would nó on pushing it if there 


would be no friction betw 
Thus, friction is desirable for 
It is dangerous to drive on a wet 


eel and the ground. 
oll over a surface. 
use the friction 


increases the chance of slipping thefty. the road. 
The threading on tyres is designed tc ase friction. 
Thus, threading improves road grip an afer to 


drive even on wetroad. 


A cyclist applies brakes to stop his/her bi 
Figure 3.20: Threading on soon as brakes are applied, the wheels stop rolli nd 
tyres provides good road grip. begin to slide over the road. Since sliding friction i 
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The wheels of a moving vehicle have two velocity 


components: + 
(i) motion of al 
(ii) rotation of wheel 


To move a vehicle ont 
moving vehicle requires frictio 


at the same point on the slippery road. for the - aie 
wheels to roll, the force of friction (grip rce) Pees A AR 
between the tyres and the road must be eno t 


prevents them from slipping. 


Similarly, to stop a car quickly, a large force of friction: 
between the tyres and the road is needed. But there is a limit tA 
this force of friction that tyres can provide. If the brakes are 
applied too strongly, the wheels of the car will lock up (stop 
turning) and the car will skid due to its large momentum. It will 
lose its directional control that may result in an accident. In 
order to reduce the chance of skidding, it is advisable not to 
apply brakes too hard that lock up their rolling motion 
especially at high speeds. Moreover, it is unsafe to drive a 
vehicle with worn out tyres. 


ADVANTAGES AND DISADVANTAGES OF 
FRICTION 


Friction has the advantages as well as 
disadvantages. Friction is undesirable when moving at 
high speeds because it opposes the motion and thus 


Mini Exercise 
which case do you need 
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limits the speed of moving objects. Most of our useful 
energy is lost as heat and sound due to the friction 
between various moving parts of machines. In 
machines, friction also causes wear and tear of their 
moving parts. 


However, sometimes friction is most desirable. 
We cannot write if there would be no friction between 
paper and the pencil. Friction enables us to walk on the 
ground. We cannot run on a slippery ground. A slippery 
ground offers very little friction. Hence, anybody who 
tries to run on a slippery ground may meet an accident. 


x SN ailarly, it is dangerous to apply brakes with full force to 
k X j fast moving vehicle on a slippery road. Birds could 
HRT SON if there is no air resistance. The reaction of 
Friction is highly desirable ed air enables the birds to fly. Thus in many 
when climbing up a hill. i ve need friction while in other situations we 


Figure 3.22: Smooth air flow at 
high speeds reduces air resistance. 


rfaces smooth. 


objects a streamline 
shape (fish sh s Cars, aero planes, 
etc. This causes t flow of air and thus 


(iii) Lubricating the sliding surfaces. 


(iv) Using ball bearings or roller .Because 
the rolling friction is lesser than the sliding 
friction. 


Figure 3.23: Streamlining the bullet 
train reduces air resistance at high 3.4 UNIFORM CIRCULAR MOTION 


speed. 


We come across many things in our daily life that 
are moving along circular path. Take a small sto 
at one end of a string and keep the other end of the strin 
in your hand as shown in figure 3.24. 
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a 
-~ 


ar” 
_- 


as E 


Figure 3.24: Circular motion of a stone 
tion of a stone attached with a string. attached with a string. 


ar path. The motion of stone 
ion. Similarly, motion of the 


will be called as circular 


moon around the Earthis 


The motion of an obje 
as circular motion. 


Figure 3.26: Centripetal force is 
with uniform speed in a circular pa always directed towards the centre 
and has no componentin the direction 
of motion. 


keeps the body to move in a circle. Centripetal for 
always acts perpendicular to the motion of the body. 


Centripetal force is a force that keeps a body to 
move in a circle. 


Let us study the centripetal forces in the 
following examples: 


(i) Figure 3.27 shows a stone tied to one end of a 
string rotating in a circle. The tension in the string 
provides the necessary centripetal force. It 
keeps the stone to remain in the circle. If the 
string is not strong enough to provide the 
necessary tension, it breaks and the stone 


necessary centripetal forc 
(b) A string is unable to provi 
required centripetal force. 
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moves away along a tangent to the circle as shown 


in figure 3.27(b). 
(ii) The moon revolves around the Earth. The 
n gravitational force of the Earth provides the 


necessary centripetal force. 


Let a body of mass m moves with uniform speed vin 
/ acircle of radius r. The acceleration a, produced by the 


centripetal force F, is given by 7 


v 
centripetal acceleration & = — ... ... (3.24) 
r 


Thrane 


Figure 3.28: centripefal force 
d t 


acting on the stone According to Newton's second law of motion, the 
centrifugal force acting NA force F, is given by 


string 
CG Fo = ma... 2 (8. 25) 
2 
L ae he use wee (3.26) 


r 


shows that the centripetal force 


DO YOU KNOW? CENTRIFUGA 
Consider a 

string moving ina cir 

acts on the stone throu 


shown in figure 3.28 tied to a 
necessary centripetal force 
ing that keeps it to move 
in a circle. According to third law of motion, 
there exists a reaction to this centripetal force. 
Centripetal reaction that pu e string outward is 


sometimes called the centrifugal ance. 
EXAMPLE 3.8 
A stone of mass 100 g is attact tring 1m 


While the coaster cars move | Jong. The stone is rotating in a circle 
around the loop, the track 


5 ms”. Find the tension in the string. 
SOLUTION 


provides centripetal force 


preventing them to move 


3 
I 


100g =0.1kg 


1 


away from the circle. 


5ms 


< 
ll 
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BANKING OF THE ROADS 


When a car takes a tripetal force is 
needed to keep it in its curved riction between 


$T 2.5 N 
Thus, tension i D be equalto 2.5N. 


the tyres and the road is not sufficiente 
when the roads are wet. This problem 


ary centripetal r b 
: ‘Radius of the eZ 
iction between circular track E 
particularly 4 
olved by J 


sans that Figure 3.29: Outer edge of the 
icla curved road is elevated to 


the outer edge of a road is raised. Imagine prevent skidding. 


curved road such as shown in figure 3.2% 


banking of roads prevents skidding of vehicle and 
makes the driving safe. 


WASHING MACHINE DRYER 


The dryer of a washing machine is basket 
spinners. They have a perforated wall having large 
numbers of fine holes in the cylindrical rotor as shown in 
figure 3.30. The lid of the cylindrical container is closed 
after putting wet clothes in it. When it spins at high speed, 
the water from wet clothes is forced out through these 


holes due to lack of centripetal force. Figure 3.30: of washing 
machines has perforated wall. 
CREAM SEPARATOR 
Most modern plants use a separator to control 


the fat contents of various products. A separator is a 
high-speed spinner. It acts on the same principle 


of centrifuge machines. The bowl spins at very high O 
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speed causing the heavier contents of milk to move 
outward in the bowl pushing the lighter contents inward 
towards the spinning axis. Cream or butterfat is lighter 
than other components in milk. Therefore, skimmed milk, 
which is denser than cream is collected at the outer wall 
of the bowl. The lighter part (cream) is pushed towards 


the centre from where it is collected through a pipe. 


Figure 3.31: 
separator 


A force is a push or pu ves or > Mass of a body is the quantity of 
tends to move, stops or tends to stop matter possessed by it. It is a scalar 
the motion of a body. quantity. SI unit of mass is 
Inertia of a body is its pro ¢ kilogramme (kg). 


which it resists any change ind > Weight of a body is the force of 


of rest or uniform motion in a straigh gravity acting on it. It is a vector 
line. quantity. SI unit of weight is newton 
Momentum of a body is the quan (N). 
of motion possessed by the body. 

p : y y Newton's third law of motion states 
Momentum of a body is equal to the f : 

f ; at to every action there is always an 
product ofits mass and velocity 


The force that opposes the motion of 
a body is called friction. 


| of two bodies attached to the 
tring that passes over a 
e ulley such that both 
mov are given by: 


Newton's first law of motion states 
that a body continues its state of rest 
or of uniform motion in a straight line 
provided no net force acts on it. 

Newton's second law of motion 
states that when a net force acts ona 
body, it produces acceleration in the +m, 
body in the direction of the net force. 
The magnitude of this acceleration is 


directly proportional to the net force > The acceleration « on in a 
acting on it and inversely proportional system of two bodie 
to its mass. Mathematically, F = ma. ends of a string that p 


frictionless pulley suc 


SI unit of force is newton (N). It is ; 
moves vertically and the oth 


defined as the force which produces 
"2: 


an acceleration of 1 ms" in a body of 
mass 1 kg. 
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moves on a smooth horizontal surface 
are given by: 


m, m m, 


a = -E A T= 
ME mM, m, +m, 


Law of conservation of momentum states 
that the momentûmof an isolated system 
of two or more than two interacting bodies 
remains constant. — 


A force between the sliding objects which 
opposes the relative motion between 
them is called friction. 


Rolling friction is the force of friction 
between a rolling body and a surface over 
which it rolls. Rolling friction is lesserthan 
the sliding friction. 


The friction causes loss of energy in 
machines and much work has to be done 
in overcoming it. Moreover, friction leads 
to much wear and tear on the moving 
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parts of the machine. The friction can be 
reduced by: 

(i) Smoothing the sliding 
surfaces in contact. 
(ii) Using lubricants between 
sliding surfaces. 
(iii) Using ball bearings or 
roller bearings. 


The motion of a body moving along a 
circular path is called circular motion. 


The force which keeps the body to move 
in a circular path is called the centripetal 
force and is given. 


by Fe = 
According to Newton's third law of 


motion, there exists a reaction to the 
centripetal force. Centripetal reaction that 


f pulls the string outward is sometimes 
~ (called the centrifugal force. 


QUESTIONS 


3.1 


Encircle the correct answer from 
the given choices: 


Newton's first law of motion is valid 


only inthe absence of: 
(a) force (b) net force 


(c) friction (d) momentum 


Inertia depends upon 
(a) force 
(c) mass 


(b) net force 

(d) velocity 

A boy jumps out of a moving bus. 
There is a danger for him to fall: 

(a) towards the moving bus 


V. 


(b) awayrom the bus 


(c) in the direction of motion 
(d) opposité to the direction of 
motion 


A string is stretchedby twoùequal 
and opposite forces 10 N.each. The 
tension in the stringis 


(b) 5 N 
(d) 20 N 


(a) zero 
(c) 10 N 
The mass of a body: 


(a) decreases when accelerated 
(b) increases when accelerated 
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3.2 


3.3 
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decreases when moving with 3.4 What is the law of Inertia? 


h velocity 3.5 Why is it dangerous to travel on 


of the above. the roof ofa bus? 
f masses m, and m, 3.6 Why does a passenger move 


i f outward when a bus takes a turn? 
ing passing over a 


such that both 3.7 How can you relate a force with 


the change of momentum of a 


the bodies i body? 
a m xm, ® 3.8 ain will be the ply in a rope 
m +m, that is pulled from its ends by two 
©) m + m, eppenis forces a Neach? 
m, -m, 3.9 Action and reaction are always 


Which of the following i 


equal and opposite. Then how 
momentum? does a body move? 
(a) Nm (b) kgms”? f 3.10 Ahorse pulls the cart. If the action 


and reaction are equal and 


(c) Ns (d) Ns“ 
When horse pulls a cart, the action A opposite then how does the cart 
onthe: move? 
(a) cart (b) Earth hat is the law of conservation 
© horse (d) Earth and cart omentum? 
Which of the following material 3.12 is the law of conservation of 
lowers friction when pushed momentum important? 
between metal plates? 3.13 e is fired, it recoils. 
(a) water (b) fine marble 

powder 
(c) air (d) oil 
Define the following terms: 3.15 How does” oi g moving 
(i) Inertia (ii) Momentum parts of a machines lowers 
(iii) Force (iv) Force of friction friction? 
(v) Centripetal force 3.16 Describe ways tor ion. 
What is the difference between: 3.17 Why rolling friction i 


(i) Mass and weight sliding friction? 


(ii) Action and reaction 
(iii) Sliding friction and rolling 


friction 
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ension in a string 
imiting force of friction 
ing force 


3.1 Aforce of 20Nmo 


an acceleration of 


ody with 
What is 
its mass? 
3.2 The weight of a body 
What is its mass? (Tak 
of g as 10 ms”) 
3.3 How much force is needed 
prevent a body of mass 10 
from falling? (100 N) 
3.4 Find the acceleration produced 
by a force of 100 Nina mass of 
50 kg. (2 ms”) 
A body has weight 20 N. How 


much force is required to move 


3.5 


it vertically upward with an 
accelerationof 2ms*? (24N) 
3.6 Two masses 52 kg and 48 kg are 
attached to the ends of a string 
that passes over a frictionless 
pulley. Find the tension in the 
string and acceleration in the 
bodies when both the masses are 


moving vertically. (500 N,0.4 ms”) 
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(vi) Banking of roads 
(vii) Cream separator 


3.19 What would happen if all friction 
suddenly disappears? 
3.20 Why the spinner of a washing 


machine is made to spin at a very 
high speed? 


3.7 Two masses 26 kg and 24 kg are 
attached to the ends of a string 
which passes over a frictionless 
pulley. 26 kg is lying over a 
smooth horizontal table. 24 N 
mass is moving vertically 

downward. Find the tension in 

the string and the acceleration in 
e bodies. (125 N, 4.8 ms”) 
much time is required to 


22 Ns momentum by a 


fo 0 N? (1.1s) 
3.9 How is the force of friction 

betwee den block of mass 

5 kg and orizontal marble 


floor? The coefficient of friction 
he marble is 
(30 N) 


between wo d and 
0.6. 


3.10 


0.5 kg to move in 
radius 50 cm with a speed 
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Q Unit 4 
Tu g Effect of Forces 


STUDENT’S LEARNING OUTCOMES 

After studying this unit, the students will be able to: 
OA > define like and unlike parallel forces. 
state head to tail rule of vector addition of 
forces/vectors. 


describe how a force is resolved into its 


H pendicular components. 
> determine the magnitude and direction of a 
a i 


its perpendicular components. 


Conceptual linkage. define the centre 


of a body. 
This unit is built on 
Lever - Science-V > define couple as a pair of forces tending to 
Machines - Science-V| produce rotation. 


+ 
> prove that the couple has the same moments 
about all points. 


> define equilibrium and classif by 
quoting examples from everyday lif 

> state the two conditions for equilibriu a 
body. 


© 
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Unit 4: Turning Effect of Forces 
SCIENCE, TECHNOLOGY AND SOCIETY 
CONNECTION 


The students will be able to: 
> illustrate by describing a_pre application of 
moment of force in the worki pottle opener, 
spanner, door/windows handles, etc. 
> describe the working principle of : 
> demonstrate the role of couple in teering 
wheels and bicycle pedals. 
> demonstrate through a balancing toy, rac a Force 
etc. that the stability of an object can be i e 
by lowering the centre of mass and increasing 


base area of the objects. Figure 4.1: We can loose a 


Can the nut of the axle of a bike be loosened wit 
hand? Normally we use a spanner as shown in figure 4.1. 
Aspanner increases the turning effect of the force. 


Look at the picture on the previous page. What is 
the joker doing? He is trying to balance himself on a 
wooden plank which is placed over a cylindrical pipe. Can 
we do the same? A baby gradually learns to stand by 
balancing herself. Women and children in the villages 
often carry pitchers with water on their heads such as 
shown in figure 4.2. With a little effort we can learn to 
balance a stick vertically up on our finger tip. Balanced 
objects are said to be in equilibrium. In this unit, we will 


learn many interesting concepts such as torque, Figure 4.2: Children carrying 
equilibrium, etc. and their applications in daily life. pitchers on their heads. 
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es 
Tension 
Weight 
(a) 
Fy 
b 
o J, 


Figure 4.4: Unlike parallel forces 

(a) along the same line 

(b) can turn the object if not in 
line. 
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4.1 LIKE AND UNLIKE PARALLEL FORCES 

We often come across objects on which many forces 
are acting. In many cases, we find all or some of the 
forces acting on a body in the same direction. For 
example, many people push a bus to start it. Why all of 
them push it in the same direction? All these forces are 
applied in the same direction so these are all parallel to 
each other. Such forces which are parallel to each other 
are called parallel forces. 

Figure 4.3 shows a bag with apples in it. The 
eight of each apple weight of the bag is due to the 
ight of all the apples in it. Since the weight of every 
e in the bag is the force of gravity acting on it 
lly downwards, therefore, weights of apples are 
arallel forces. All these forces are acting in the same 
irection. Such forces are called like parallel forces. 


arallel forces are the forces that are 
each other and have the same 


a), an apple is suspended by a string. 
tretched due to weight of the apple. The 


in the string pulling it vertically 
are parallel but opposite to each 


figure 4.4(b), forces » are also unlike parallel 
and opposite to each 


hence they are capable to rotate tk 


Unlike parallel forces are the 


4.2 ADDITION OF FORCES œ 

Force is a vector quantity. It 
and direction; therefore, forces are no 
arithmetical rules. When forces are add 
resultant force. 


A resultant force is a single force that ha 
same effect as the combined effect of al 
forces to be added. 
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e of the methods for the addition of forces is a 
thod. In this method forces can be added by 
rule of vector addition. W 


= 
N A 
shows a graphical method of vector S 
a suitable scale. Then draw the 
R í À 
A 


ces according to the scale; such as 


Take any o e vectors as first vector e.g., 
vector A. Then draw nextevector B such that its tail Figúre Ase Addna Veters DY 
coincides with the héad of the first vector A. Similarly  headtotailrule. 
draw the next vector forthe third force (if any) with its tail 
coinciding with the head o us vector and soon. 


at its tail is at the tail 


is at the head of 
4.5. Vector R | It should be noted that 


pletely in magnitude head to tail rule can be 
used to add any number of 
forces. The vector 
EXAMPLE 4.1 representing resultant 
force gives the magnitude 


vector B, the last vector as sho 
represents the resultant force con 
and direction. 


Find the resultant of three force ong 
: . ar ; and direction of the 
x-axis, 8 N making an angle of 45° with x-a N 
; resultant force. 
along y-axis. 


SOLUTION 
Here F,=12 N along x-axis 
F,=8 N along 45° with x-axis 


F,=8 N along y-axis 
Scale: 1cm=2N 


(i) Represent the forces by vectors F,, F, and F, 
according to the scale in the given direction. 


(ii) Arrange these forces F,, F, and F;. The tail of 
force F, coincides with the head of force at 
point B as shown in figure 4.6. similarly the tail of 
force F, coincides with the head of force F, at 
pointC. 


(iii) Join point A the tail of the force F, and point D 
the head of force F,. Let AD represents force F. 
According to head to tail rule, force F represents 


the resultant force. Figure 4.6: Adding forces by He 
to tail rule. 
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Physics IX 


igonometric Ratios 


Th 

sides of ri 
given 
cosine, etc. 


tween any of its two 
led triangle are 


right angled 
6atA. 


AZo 


L © Perpendicular w 


h qh i 


Base 


Perpendicuar _ BC “| 
Hypotenuse © AB 


Base _AC 
Hypotenuse ` AB 


Perpendicuar _ BC 
Base ~ AC 


sin = 


cos@= 


tan6= 


Figure 4.7: Resolution of a force 


Ratio/@ | 0° 30° | 45° | 60° | 90° 


S0 
202°0 


sing | © 


cos0 | > 


998°0 
202°0 


tan | © 


Z450 
L 


(iv) Measure AD and multiply it by 2 N cm” , the scale 
to find the magnitude ofthe resultant force F. 


(v) Measure the angle ZDAB using a protractor 
Which the force F makes with x-axis. This gives 
the direction of the resultant force. 


4.3 RESOLUTION OF FORCES 


The process of splitting up vectors (forces) into their 
component forces is called resolution of forces. If a force 
is formed from two mutually perpendicular components 
then such components are called its perpendicular 
components. 


plitting up of a force into two mutually 
endicular components is called the resolution 


f thatforce. 


Consider a force F represented by line OA making an 
angl&9 with&x-axis as shown in figure 4.7. 


Draw a perpendicular AB on x-axis from A. According 
to head ‘to tail.rule, OA is the resultant of vectors 
represented,by OB and BA. 


Thus OA= OB ABA............... (4.1) 


The components OB and BA are perpendicular to 
each other. Theyare called the perpendicular 
components of OA representing force F. Hence OB 
represents its x-component F,.and BA represents its 
y-component F,,. Therefor, equation 4.1 can be written as 


F= F,+ Fy (4.2) 


The magnitudes F, and F, offorees,F, and F,can be 
found using the trigonometric ratios. In right angled 
triangle OBA 


Since Fe _ OB =cos 6 

F OA 

F, =Fcos@ (4.3) 
Similarly fy -BA = _ging 

F OA 

F, =Fsino (4:4) 


Equations 4.3 and 4.4 give the perpendicular 
components F, and F, respectively. 
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nis pulling a trolley ona horizontal road with | In a right angled triangle 
N making 30° with the road. Find the length of base is 4 cm and 


horizo vertical components of its force. its perpendicular is 3 cm. 
SOLUTI Als. 
(i) length of hypotenuse 
, (ii) sin 
ith the horizontal 
(iii) cos 
a4 é (iv) tan 
Since F, = F cos 
or F, = 200 30 
= 200 x 0.866 = 173.2 N 


Similarly F,=F sin 0 
or Fy= 200 x sin 3 
= 200x0.5=1 


DETERMINATION OF A FORC 
PERPENDICULAR COMPONENTS 


components. Its reverse is to determine the 
knowing its perpendicular components. 


of a force F. These perpendicular components F, anc x 
are represented by lines OP and PR respectively as .0«Figure,4.8: Determination of a force 

g byáits pendicular components. 
shown in figure 4.8. 


According to head to tail rule: 
OR=OP+PR 


Thus OR will completely represent the force F 
whose x and y-components are F, and F, respectively. 


+ 
That is 
F = Fx+Fy 
The magnitude of the force F can be 4 


determined using the right angled triangle OPR 
(OR)? = (OP)? + (PR)* 
F? =F +F’ 


Hence F =4 F +F a a (45) 


The direction of force F with x-axis is given by 
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© =tan' ~ se eee, eid aye (4.6) 


4.4 TORQUE OR MOMENT OF AFORCE 

We open or close a door (Fig 4.9) by pushing or 
pulling it. Here push or pull turn the door about its hinge or 
axis of rotation. The door is opened or closed due to the 
turning effect of the force acting on it. 


Figure 4.9: It is easy to open and 
close the door by pulling or 
pushing it atits handle. 

id body rotating about a line. The 


particles of the body.move in circles with their centres all 
lying on this line. is called the axis of rotation of 


Forces tha ce turning effect are very 
common. Turning pencil: arpener, turning stopcock 
of a water tap, turning d nd so on are some of 
the examples where a force p 


QUICK QUIZ 


Name some more objec a rk by the 
turning effects of forces. 


The turning effect of a force is 


CA 


moment of the force. 
Figure 4.10: Turning effect of Why the handle of a door is fixed 
forces. edge of a door? We can open or close a door 


near the hinge. Thus, the location where the 
applied to turn a body is very important. 
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et us study the factors on which torque or 
a force depends. You might have seen that a 


Figure 4.11: It is easy to tighten an 
longer arm than a spanner of sho 


a spanner of 


having short arm. It is because the turnin t of the 
force is different in the two cases. The moment produced 
by a force using a spanner of longer arm is rthan 
the torque produced by the same force bu a 
spanner of shorter arm. 


LINE OF ACTION OF A FORCE 
The line along which a force acts is called the li 


nN 


rotation 


Axis of 


of action of the force. In figure 4.12, line BC is the lin S 
action of force F. Ey 
---l---- + of 
MOMENT ARM a Š$ 
The perpendicular distance between the axis of 
rotation and the line of action of the force is called the actors affecting 


moment arm of the force. It is represented by the mgmentora force: 


distance L in figure 4.12. 


The torque or moment of a force depends upon 


force. Thus the moment of the force or torque t is 
determined by the product of force F and its moment arm 
L. Mathematically, 


Torque t =FxL me a vee (4.7) 
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the force F and the moment arm L of the force. Greater is a 
a force, greater is the moment of the force. Similarly, 
longer is the moment arm greater is the moment of the 4 


© 
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sufficient to loosen it wit 
6 cmlong spanner? 


(a) 


(b) 
Force 
Figure 4.13: (a) to tighten, nut is 
turned clockwise (b) to loosen, nut is 
turned anticlockwise. 


Small 
distance 


Large 


Large 


en | 


| | 


Figure 4.14: Children on 
see-saw. 
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SI unit of torque is newton-metre (Nm). A torque 
of 1 N mis caused by a force of 1 N acting perpendicular 
to the moment arm 1 m long. 


EXAMPLE 4.3 


A mechanic tightens the nut of a bicycle using a 
15 cm long spanner by exerting a force of 200 N. Find the 
torque that has tightened it. 


SOLUTION 
F =200N 
L =15cm =0.15m 
T=FL 
=200Nx0.15m 
=30 Nm 


nerally used to tighten a nut as shown in 
e torque or moment of the force so 
clockwise moment. On the other 
, the force is applied such that it 


turns the nut i 
figure 4. 13(b). 


Can a small child play with a fat 
seesaw? Explain how? 


Two children are Sack on the see-s 


in this situation? 
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SOLUTION 
Moment arm of w,= OA= 25 cm = AA 
Moment arm of w, = OB =40 cm=0 L 
Applying principle of moments; 
Clockwise moments = Anticlock 
moment of w, = moment of 
or w, X moment arm of w, = w, x moment O 
Thus wıxOA = We x OB 
or w4 x 0.25 m = 10 N x 0.40 m A 


” _ 10Nx0.40m 
: 025m _ 


=16N T 
Thus, weight of the block suspended at point Ais 16 N. 
4.6 CENTRE OF MASS 4 Q 


It is observed that the centre of mass of a system 
moves as if its entire mass is confined at that point. A 
force applied at such a pointin the body does not produce 
any torque in it i.e. the body moves in the direction of net 
force Fwithout rotation. 


Figure 4.16: Centre of mass of two 
Consider a system of two particles A and B “negal masses. ©) 


connected by a light rigid rod as shown in figure 4.16. 
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Let O is a point anywhere between A and B such that the 
force Fis applied at point O as shown in figure 4.17. If the 
system moves in the direction of force F without rotation, 
then point O is the centre of mass of the system. 


Does the system still move without rotation if 
the force acts elsewhere on it? 


(i) Let the force be applied near the lighter particle 
as shown in figure 4.18. The system moves as 
well as rotates. 


i) Let the force be applied near the heavier particle 
as shown in figure 4.19. In this case, also the 
system moves as wellas rotates. 


Figure 4.18: The system moves 
well as rotates when a force is applie 
away from COM. 


f mass of a system is such a point 
applied force causes the system to 


Figure 4.19: The system moves as 
well as rotates when a force is applied 
away from COM. 

CENTRE OF GRAVITY 


icle is equal to its weight. 


articles of a body are almost 
parallel. The resultant o 


a Vea forces is a 
single force equal to the weight ody. A point where 


ENTIRE 


WEIGHT this resultant force acts vertic s the centre of 


Figure 4.20: Centre of gravity of a the Earth is called the centre of gravity G of the body. 
body is a point where its entire weight 


is assumed to act vertically downward. 


A point where the whole welg of the body 
appears to act vertically downward i led 
centre of gravity of a body. 


It is useful to know the location of t of 
gravity of a body in problems dealing with equili 
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TRE OF GRAVITY OF SOME SYMMETRICAL OBJECTS 
entre of gravity of objects which have symmetrical shapes can be found from their 
metrysFor example, the centre of gravity of a uniform rod lies at a point where it is 
ed. This balance point is its middle point G as shown in figure 4.21. 
G Centre of gravity 
(alt ee tt oe Pt et oe fm om P=" pat ae 


Ww w 


Figure 4.21:,Centre of gravity is at the middle of a uniform rod. 


The centre of a gravity of a uniform square or a rectangular sheet is the point of 
intersection of its di shown in figure 4.22 (a) and (c). The centre of gravity of a 
uniform circular disc isi s shown in figure 4.22(b). Similarly, the centre of gravity 
of asolid sphere or ho is the centre of the spheres as shown in figure 4.22(b). 


The centre of gravity of 
medians as shown in figure 4. 
centre of the ring as shown in fi 2(e). The centre of gravity of a uniform solid or 


hollow cylinder is the middle p as shown in figure 4.22(f). 


CENTRE OF GRAVITY OF AN IRREGULAR SHAPED + 
THIN LAMINA 


A simple method to find the centre of gravity of a 
body is by the use of a plumbline. A plumbline consists of 
a small metal bob (lead or brass) supported by a string. 

When the bob is suspended freely by the string, it rests 

along the vertical direction due to its weight acting 

vertically downward as shown in figure 4.23 (a). In this 

state, centre of gravity of the bob is exactly below its point 

of suspension. 
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EXPERIMENT 


Take an irregular piece of cardboard. Make holes 
A, B and C as shown in figure 4.23(b) near its edge. Fixa 
nail on a wall. Support the cardboard on the nail through 
one of the holes (let it be A), so that the cardboard can 
swing freely aboutA. The cardboard will come to rest with 
its centre of gravity just vertically below the nail. Vertical 
line from A can be located using a plumbline hung from 
the nail. Mark the line on the cardboard behind the 
plumbline. Repeat it by supporting the cardboard from 
ole B. The line from B will intersect at a point G. 
Similarly, draw another line from the hole C. Note that this 
Figure 4.23: (a) Plumbline (b) Loe in&also passes through G. It will be found that all the 
the centre of gravity of a piece ofyvertical lines from holes A Band C have a common point 
cardboard by using plumbline. is Common point G is the centre of gravity of the 


Plumbline 


magnitude 
form a couple. 


Figure 4.24: It is easy to turn a of the same mag de but not along the same 
steering wheel by applying a 5 
couple. line. 


A double arm spanner_is,used to open a nut. 
Equal forces each of magnitude Fae applied on ends A 
and B of a spanner in opposit tion as shown in 
figure 4.25. These forces for that turns the 
spanner about point O. The torques produced by both 
the forces of a couple have the sa i 
total torque produced by the couple wi 


Total torque of the couple = Fx OA 


Figure 4.25: A double arm spanner. 


Torque of the couple =FxAB _...... 


Equation 4.8 gives the torque produced by a 


couple of forces F and F separated by distance AB. T, 
torque of a couple is given by the product of one 
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RIUM 


irst law of motion tells us that a body 
of rest or of uniform motion in a straight 
et force acts on it. For example, a 
book lying on ata picture hanging on a wall, are at 


DO YOU KNOW? 


by the upward re the table. Consider a log of 
wood of weight suppo by ropes as shown in 
figure 4.26. Here the weight w is,balanced by the forces F, Acyclist pushes the pedals of a 
and F, pulling the log upward. In case of objects moving with bicycle. This forms a couple 
uniform velocity, the result jee on them is zero. A het aas en Me [ese CBS. me 
car moving with uniform veloĝity onsa'levelled road and an pedals cause em cole’ 
aeroplane flying in the air with’ uniform velocity are the ee Pi e a 
ay: St wheel of the bicycle to rotate. 
examples of bodies in equilibriu 


A body is said to be in equ 
force acts on it. 


A body in equilibrium thus re 
moves with uniform velocity. 


CONDITIONS FOR EQUILIBRIUM 


In the above examples, we see that a bod) e 
or in uniform motion is in equilibrium if the resultani 
acting on it is zero. For a body in equilibrium, it 
satisfy certain conditions. There are two conditions for 


body to be in equilibrium. 6: The forces acting on 


re; upward forces F,, F, and 
in the downward 


FIRST CONDITION FOR EQUILIBRIUM 

A body is said to satisfy first condition for 
equilibrium if the resultant of all the forces acting on it 
is zero. Let n number of forces F4, Fp, Fa, ........... ,F „are 
acting on a body such that 


F,+ F2+ F3 +... + Fn =0 


or LF =0 vee ate a (4.9) 


The symbol > is a Greek letter called sigma used for 
summation. Equation 4.9 is called the first condition for 


equilibrium. Figure 4.27: A wall hanging is 


in equilibrium 
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Figure 4.28: A paratrooper 
coming down with terminal 
velocity is in equilibrium. 


Ww 


Figure 4.29 


tl 
am 


(a) 


an 


(b) 


Figure 4.30: (a) Two equal 
and opposite forces acting 
along the same lines (b) Two 
equal and opposite forces 
acting along different lines 
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The first condition for equilibrium can also be 
stated in terms of x and y-components of the forces 
acting on the body as: 


Fix + Foy + Foy +.... +F =0 

and Fiy +Foy + Foy +....+ Fy  =0 
or 2 Fe SO on oh os (4.10) 
and YF, =0 (4.11) 


10N 
Thus, the tension in the cord is 10 N 


SECOND CONDITION FOR EQUILIBR 


First condition for equilibrium do 
that a body is in equilibrium. This is cle 
following example. Consider a body pulled 
forces F, and F, as shown in figure 4.30(a). The two 
forces are equal but opposite to each other. Both 
acting along the same line, hence their resultant will 


zero. According to the first condition, the body will be 
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ium. Now shift the location of the forces as shown 
O(b). In this situation, the body is not in 
although the first condition for equilibrium is 
„Atis because the body has the tendency to 
rotate. This situation demands another condition for 
equilibri addition to the first condition for 
equilibrium. i called second condition for 
to this, a body satisfies second 

when the resultant torque acting 


condition for eq 
onitis zero. Mathe 


1. Aladder leaning at a w 

is in equilibrium. How? 
2. The weight of the ladder i 
an anticlockwise torque. 


Figure 4.31: A ladder leaning at 
a wall. 


torque. Does the ladder satis 
for equilibrium? 

3. Does the speed of a ceiling fan go oni sing 
allthe time? 


4.Does the fan satisfy second co 
equilibrium when rotating with uniform sp 


EXAMPLE 4.6 © 


A uniform rod of length 1.5 m is placed over a wedge a 


g 4.32: A ceiling fan rotating 
a ant speed is in equilibrium 
as e acting on it is zero. 
@ 
SOLUTION Arod balanced over a wedge 
F = 100N 4 


OA =0.5m 
AG = BG = 0.75 m 
OG = AG- AO =0.75m- 0.5m 


= 0.25m O 
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w =? 
R =? 


Applying second condition for equilibrium, 
taking torques about O. 


t=O 

FxAO+Rx0-wxOG =0 

100 Nx0.6m-—wx0.25m =0 
wx0.25m =100Nx0.5m 


"DS 100N x 0.5m 
w = ——_ 
0.25m 
SN w =200N 
Ors: condition oie 
R- E w=0 
00 N-200N =0 
= 300 N 


ht. of the rod is 200 N and reaction of 
the eae is3 


STATES OF E cy M 


There B=) tates of equilibrium; stable 
equilibrium, unstable ilibtium and neutral equilibrium. 
A body may be in one e states of equilibrium. 


STABLE EQUILIBRIUM eS 


1 a table 
e after a 


Figure 4.33: Stable equilibrium (a) A boo y 
(b) The book returns to its previous position whe 
slight tilt. 


Consider a book lying on the table. Tilt 
slightly about its one edge by lifting it from the osite 


side as shown in figure 4.33. It returns to its "O) 
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en sets free. Such a state of the body is called 
librium. Thus 


itSstable state by lowering its centre of 
able equilibrium as long as the 


Consider a blof as in figure 4.34. When the 
block is tilted, its centre o i ises. If the vertical line 
through G passes through its the tilted position as Can you do this without falling? 
shown in figure 4.34 (b), the bl 
position. If the vertical line throu 


Figure 4.34 (a) Block in stable equilibrium (b) Slightly tilted block is returning 
to its previous position, (c) Amore tilted block topples over its base and de 
not return to its previous position. 


stable equilibrium position. That is why a vehicle is made heav P y e bus 
at its bottom to keep its centre of gravity as low as possible. A 

lower centre of gravity keeps it stable. Moreover, the base of a 
vehicle is made wide so that the vertical line passing through its 
centre of gravity should not get out of its base during a turn. 


Topple over 


y 
UNSTABLE EQUILIBRIUM 


Take a pencil and try to keep it in the vertical 
position on its tip as shown in figure 4.36. Whenever you 
leave it, the pencil topples over about its tip and falls 
down. This is called the unstable equilibrium. In 
unstable equilibrium, a body may be made to stay only 


Figure 4.36: Unstable equili 
(a) pencil just balanced at its ti 
centre of gravity G at the highest 
position, (b) Pencil topples over 
caused by the torque of its weig 
acting at G. 
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for a moment. Thus a body is unable to keep itself in the 
state of unstable equilibrium. Thus 


If a body does not return to its previous position 
when sets free after a slightest tilt is said to bein 
unstable equilibrium. 


The centre of gravity of the body is at its highest 
position in the state of unstable equilibrium. As the body 


stability. 


ver position 
$ ; 
UTRAL EQUILIBRIUM 
Take a ball and place it on a horizontal surface as 
in figure 4.37. Roll the ball over the surface and 
á J ve ityafter displacing from its previous position. It 
WAN: new position and does not return to its 


Figure 4.37: Neutral equilibrium 

(a) a ball is placed on a horizontal 
surface (b) the ball remains in its new 
displaced position. 


moved, are the Stable st 
new state. In neutra ilibrium, the centre of gravity of the 
body remains at thé"Sar 
position. There are vai 
equilibrium such as a ballyé 


horizontally, an egg lying horiz r 


from topple over. Here are few examples in which loweri n 


Figure 4.38: A needle is made of centre of mass make the objects stable. T 
to balance at its tip. 
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24.38 shows a sewing needle fixed in a 
is balanced on the tip of the needle by 


system. Figure a) shows a perched parrot which is 
made heavy at i i.e«Figure 4.39(b) shows a toy that 
keeps itself upright v tilted. It has a heavy semi- 

herical base. WhémitiS tilted, its centre of ises. It = 
spherical base. Whe ilted, its centre of mass rises. Figure 4.39: (a) A perchd parrot 
returns to its upright positi which itscentre of massis (b) A self righting toy 


at the lowest. 


> Parallel forces have their lines of action on a body in equilibrium is equal to the 
parallel to each other. sum of anticlockwise moments acting 
> If the direction of parallel force Eine onit. 
same, they are called like paralle Centre of mass of a body is sucha point 


forces. If two parallel forces are in here a net force causes it to move 
opposite direction to each other, th ithout rotation. 
they are called unlike parallel forces. he.centre of gravity of a body is a point 
> The sum of two or more forces is called iere the whole weight of a body acts 
the resultant force. 1 downward. 
> A graphical method used to find the > is formed by two parallel 
resultant of two or more forces is called the same magnitude but 


head to tail rule. acti posite direction along 
> Splitting up a force into two i action 
components perpendicular to each > A body is i ilibrium if net force 
other is called resolution of that force. acting on i ero. A body in 
These components are equilibrium eit emains at rest or 
f moves with a 
F= Fcos0, F =Fsin ð SA body is. sai 
> A force can be determined from its condition for equilibri e resultant 
perpendicular components as torque acting on itis Zero. 


Rosie pe , 0 =tan” = > Abodyis said to bein 
x y F, if after a slight tilt it \ 


> Torque or moment of a force is the previous position. 


turning effect of the force. Torque ofa > If a body does not return to its 
force is equal to the product of force position when sets free after sli tilt 
and momentarm of the force. is said to be in unstable equilibrium. 


> According to the principle of moments, 
the sum of clockwise moments acting 
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> A body that remains in its new position 
when disturbed from its previous 


position is said to be in a state of 
neutral equilibrium. 


, QUESTIONS 


4.1 Encircle.the correct answers from (d) acceleration is zero 


the given’ choices: 


vii. A body is in neutral equilibrium 
i. Two équal but unlike parallel when its centre of gravity: 
forces having different line of (a) is at its highest position 
action produce (b) is at the lowest position 
(c) keeps its height if displaced 
(a) a torque (d) is situated at its bottom 
(b) acouple 
(c) equilibrium viii. | Racing cars are made stable by: 
(d) neutral equilibrium (a) increasing their speed 
E (b) decreasing their mass 
il. The number of forces that can (c) lowering their centre of 
be added by head to tail rule gravity 
ale (d) decreasing their width 
(a) 2 (b) 3 
, 4.2 Define the following: 
(c) 4 (d) any number (i) resultant vector 
ii. The number of perpendicular (ii) torque 
components of a force are: (iii) centre of mass 
(a) 1 (b) 2 f (iv) centre of gravity 
(c) 3 (d) 4 43 Differentiate the following: 
iv. A force of 10 N is making an (i) like and unlike forces 
angle of 30° with the horizontal. (iiyforque and couple 
Its horizontal component will be: isk q p 
(a) 4 N (b) 5 N (iii) stable and neutral 
equilibrium 
a ee 4.4 —Howhead'to,ail rule helps to find 
V. A couple is formed by the resultantofforces? 
(a) A al 9 4.5 How can a force be resolved into 
(b) two like parallel forces its perpendiculapcomponents? 
(c) two equal and opposite forces 4.6 When a body is said to be in 
in the same line equilibrium? 
(d) eae ie and ee forces 47 Explain the first. condition for 
not in the same line equilibrium. : 
vi. A body is in equilibrium when its: 4.8 Why there is a need of secdhd 


(a) acceleration is uniform 

(b) speed is uniform 

(c) speed and acceleration are 
uniform 


condition for equilibrium ifa body 
satisfies first condition for 
equilibrium? 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


ics IX 105 Unit 4: Turning Effect of Forces 


Vhat is second condition for 412 Why a body cannot be in 
equilibrium due to single force 
acting on it? 

4.13. Why the height of vehicles is kept 
as low as possible? 


4.10 example of a moving body 


equilibrium. 
which is at rest but 4.14 Explain what is meant by stable, 


unstable and neutral equilibrium. 
Give one example in each case. 


PROBLEMS 


4.11 


4.1 Find the resulta llowing 4.7 Apicture frame is hanging by two 
forces: vertical strings. The tensions in 
(i) 10 N along x-axi the strings are 3.8 N and 4.4 N. 
(ii) 6 N along y-axis an Find the weight of the picture 
(iii) 4 N along negative frame. (8.2N) 
(8.5 N making 45° with 8 Two blocks of 


; . masses 5 kg and 3 
4.2 Find the perpendicular compo s kg are suspended 


of a force of 50 N making an angl by the two strings 

30° with x axis. (43.3 N,25 N) as shown. Find the 
nsion in each 

4.3 Find the magnitude and direction ag. (80N,30N) 


of a force, if its x-component is 4 


. j has been 

12N and y-componentis 5N. ed by a force 

(13 N making 22.6° with x-axis) Neusing 10 cm 

4.4 A force of 100 N is applied ee 


panner 


perpendicularly on a spanner at a ad vosen 

distance of 10 cm from a nut. Find the samean ith 

the torque produced by the 150 N force? 

force. (10 Nm) ese) 
4.5 Aforceis acting on a body making 4:19 A block of mass 10 kg is 

an angle of 30° with the horizontal. suspended atà distance of 20 cm 

The horizontal component of from the centre of a uni 

the force is 20 N. Find the 1m long. What for 

force. (23.1 N) balance it at its ce 
4.6 The steering of a car has a radius by applying the force 

16 cm. Find the torque produced end of the bar? 

by a couple of 50 N. 

(16 Nm) 
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STUDENT’S LEARNING OUTCOMES 


After studying this unit, the students will be able to: 


ate Newton's law of gravitation. 


xplain that the gravitational forces are consistent 
ewton's third law. 


This unit is built on 
Gravitation - Science-V 


of Earth by using law of 
gravitation. 


> solve problem ewton's law of gravitation. 

> explain that value creases with altitude from 
the surface of Earth. 

> discuss the importance Mo: law of gravitation 


in understanding the motion of. sa 


SCIENCE, TECHNOLOGY AND SOCIETY 
CONNECTION 


The students will be able to: 


> gather information to predict the of the 
acceleration due to gravity g at any plane n's 
surface using Newton's law of gravitation. 

> describe how artificial satellites keep on ing 


around the Earth due to gravitational force. © 
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e first man who came up with the idea of gravity 
ewton. It was an evening of 1665 when he 
was tryi olve the mystery why planets revolve 
Suddenly an apple fell from the tree 
as sitting. The idea of gravity flashed in 
covered not only the cause of falling 
se that makes the planets to 


revolve around the the moon around the Earth. 


This unit deals with Poa ts related to gravitation. 
5.1 THE FORCE ilk a ION 


On the basis of observations, Newton 
concluded that the force which ses an apple to fall on 
the Earth and the force which emoon in its orbit 
are of the same nature. He further co Jed that there 
exists a force due to which everybody of the universe 
attracts every other body. He named es force 


of gravitation. 


LAW OF GRAVITATION 


According to Newton's law of vers 
gravitation: 
to 


Everybody in the universe attracts every o 
body with a force which is directly proportiona 
the product of their masses and _ inversel 
proportional to the square of the distance between 
their centres. 


Consider two bodies of masses m, and m,. The 
distance between the centres of masses is d as shown in 


A 
T 
G 
© 


Figure 5.1: Two masses attract each other with a gravitational force 
of equal magnitude. 
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According to the law of gravitation, the 
gravitational force of attraction F with which the two 
masses m, and m, separated by a distance d attract each 
other is given by: 


SD F =G% ae sess ea GA} 


Figure 5.2: Weight of a body is due to 
the gravitational force between the 
body and the Earth. 


t niversal constant of gravitation. Its value is same 
ery e. In SI units its value is 6.673x1 10" Nm’kg~. 
D G all value of G, the gravitational force of 


een objects around us is very small and 
el it. Since the mass of Earth is very large, it 


with a force F while mass m, 4 

force of the same magnitude F bu 
the force acting on m, is consi 
force acting on m, will be the reaction. The action and 
reaction due to force of gravitatio equal in 
magnitude but opposite in direction./This is consistent 


with Newton's third law of motion which s o every 
action there is always an equal but opposi react yn. 
EXAMPLE 5.1 


Two lead spheres each of mass 1000 kg ar 
with their centres 1 m apart. Find the gravitational forc 
with which they attract each other. 


cts m,towards it with a 
posite direction. If 
action then the 
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m, = 1000 kg 
= 1000 kg 
= im 


Since 


Putting the values, 


2 1000 kg x 1000 kg 
F = 6.673 x10" Nm?kg ð x 


(1m)? 
= 6.673 x10 AN 

Thus, gravitational foree of attraction between 
the lead spheresis 6.673 x10 
GRAVITATIONAL FIELD 

According to the Newton's law of ion, the 
gravitational force between a body of mass d the 
Earth is given by 

mM 
F=G a i ean ORE AEN ee ate ©) 
r 


where M, is the mass of the Earth and ris t 
distance of the body from the centre of the Earth. 


The weight of a body is due to the gravitation 
force with which the Earth attracts a body. Gravitational 
force is a non-contact force. For example, the velocity of 
a body, thrown up, goes on decreasing while on return its 
velocity goes on increasing. This is due to the 
gravitational pull of the Earth acting on the body whether 
the body is in contact with the Earth or not. Such a force is 
called the field force. It is assumed that a gravitational _ 
field exists all around the Earth. This field is directed Figure 53: í 
towards the centre of the Earth as shown by arrows in centre. 
figure 5.3. The gravitational field becomes weaker and 
weaker as we go farther and farther away from the Earth. 


In the gravitational field of the Earth, the gravitational 
force per unit mass is called 


al, field 
s its 
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the gravitational field strength of the Earth. At any 
place its value is equal to the value of g at that point. Near 
the surface of the Earth, the gravitational field strength is 
10N kg“. 


5.2 MASS OF THE EARTH 


Consider a body of mass m on the surface of the 
Earth as shown in figure 5.4. Let the mass of the Earth be 
M, and radius of the Earth be R. The distance of the body 
from the centre of the Earth will also be equal to the radius 
of the Earth. According to the law of gravitation, the 
avitational force F of the Earth acting on a body is given 


F = QGH a a a se (5.3) 


its cen alto its weight w. Therefore, 
F = = ie wee aawo wd aao (5:4) 


> as ae dee See (0:9) 
fs g C9 vee aes ee eee (5.6) 
R 
and M. = Ez way nae ere (S7) 
Mass M, of the Earth c etermined on 
putting the values in equation (5 
(6.4x10° m)* x 10ms”° 
Me = 1N R 
6.673 x10 g 
= 6.0x 10° kg 
Thus, mass of the Earth i : 
5.3 VARIATION OF G WITH ALTITUDE 
Equation (5.6) shows that the value 
acceleration due to gravity g depends on the radius O 
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Figure 5.4: Weight of a body is 
equal to the gravitational force 
between the body and the Earth. 
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wth at its surface. The value of g is inversely 
ional to the square of the radius of the Earth. Butit ee 
h h 


Figure 5.5: Weight of a body 
decreases as its height increases 
from the surface of the Earth. 


surface of the Earth, g becomes one fourth of its value on = : 
Mini Exercise 


the Earth. Similarly at a distance of two,/Earths radius 
above the Earth's surface, the value 6f g becomes one |^ 2008 an Apple attract the Earth 
ninth of its value on the Earth. 

. With what force an apple 


weighing 1N attracts the Earth? 


EXAMPLE 5.2 ' 
. Does the weight of an apple 
Calculate the value of g, the acceleratio t Maceo, decease @r remeh 
constant when taken to the top of 
carto 


gravity at an altitude 1000 km. The mass of the Anene 
6.0 x 10”kg. The radius of the Earth is 6400 km. 4) 


SOLUTION 
Here R = 6400 km YOU KNOW? 
h = 1000 km 
ject depends on its 
M. = 6.0~x 10” kg s and its radius. The value 
ons the objects is 
g,= ? 
As R+h = 6400 km + 1000 km = 7400 km Object 
= 7.4x10°m Sun 
nee M, Mercury 
p (R+h)? 
_ 6.673 x10" Nm? kg? x6.0*10"" kg 
Sh = (7.4 x10° m)? 
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= 73Nkg =7.3ms” 


Thus the value of g, the acceleration due to 
gravity at an altitude of 1000 km will be 7.3 ms* 


5.4 ARTIFICIAL SATELLITES 


An object that revolves around a planet is called a 
satellite. The moon revolves around the Earth so moon is 
a natural satellite of the Earth. Scientists have sent many 


objects into space. Some of these objects revolve around 
e Earth. These are called artificial satellites. Most of the 
ificial satellites, orbiting around the Earth are used for 
unication purposes. Artificial satellites carry 

ents or passengers to perform experiments in 


DO YOU KNOW? 


The height of a geostati 
satellite is about 42,300 
from the surface of the Earth. 
Its velocity with respect to 
Earth is zero. 


N 
r N 
Orbital radius >) 
A 


— — — 


DO YOU KNOW? 


Global Positioning System 
(GPS) is a satellites navigation = 
system. It helps us to find the Figure 5.6: A satellite is ofbitifig around the Earth at a height h 
exact position of an object 


e surface of the Earth. 
anywhere on the land, on the 
sea or in the air. GPS consists of 
24 Earth satellites. These Large number of 


satellites revolve around the | launched in different orbits 
Earth twice a day witha speedof | different time to complete their on 
3.87kms-. ; ae 
Earth depending upon their d 
Communication satellites take 24 


Cl atellites have been 
he Earth. They take 
olution around the 
e hfrom the Earth. 
urs to complete their 


such a satellite is called geostationary 
Dish antennas sending and receiving the signals 
them have fixed direction depending upon their location 
on the Earth. 
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d the Earth. The gravitational force of 
the satellite and the Earth provides 
tripetal force. 


attraction 
the nece 


Con 
the Earth at an 
velocity v,. The neces 
given by equation 


atellite of mass m revolving round 
in an orbit of radius r, with orbital DO YOU KNOW? 
centripetal force required is |Moon is nearly 3,80,000 km 
.26). away from the Earth. It 
o completes its one revolution 
around the Earth in 27.3 days. 


F =w= mg, 
or mg, = 
or v? = 
or Vo = y 9, ly 
as h = R+h 


vo = 49, (R+h) 


Equation (5.10) gives the velocity, r2 
satellite must possess when launched in an orbit 


radius r, = (R + h) around the Earth. An approximation 
can be made for a satellite revolving close to the Earth 
such that R>>h. 


R+h 


A 
fo 
F ae O 
La 
© 


R 


A satellite revolving around very close to the 
Earth, has speed v,nearly 8 kms“or 29000 kmh". 
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SUMMARY 


Me 


> Acceleration g= G 


R? 
2g 
> MassofEarth M, = G 
inversely proportional.to the square at an altitude h=G M 
of the distaheé between their a (R +h)? 


centres. 
° > An object that revolves around a 
The Earth attract rN a planetis called a satellite. 
force equal to its weight. 

> The moon revolves around the Earth 
It is assumed that a gravitational field so moon is a natural satellite of the 


Earth. 


Scientists have sent many objects into 
space. Some of these objects revolve 
round the Earth. These are called 
artificial satellites. 


Earth. 


In the gravitational field of the Earth 
the gravitational force per unit mass 
is called the gravitational field 
strength of the Earth. It is 10 N kg’ 
near the surface of the Earth. 


velocity vo=./ g, (R+h) 


Encircle the correct answer f g at a heightone 


from the given choices: RY. above the surface 
Earth's gravitational force of ofthe Earthis: 
attraction vanishes at (a) 2g (b) %2 g 
(a) 6400km (b) infinity (c) % P ug 
(c) 42300 km (d) 1000 km iv. The value of g on moon's surface 
is 1.6 ms”? . ilħbe the 
Value of g increases with the weight of a 100 § bos) mie 
(a) increase in mass of the body surface of the moor 
(b) increase in altitude (a)100N  (b) 160 
(c) decrease in altitude (c) 1000N (d) 1600 N 
( 


d) none of the above O 
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e altitude of geostationary orbits 5.7 Explain, what is meant by 
i ich communication satellites gravitational field strength? 
onen above the surfaceof 58 Why law of gravitation is 
his: important to us? 
(b) 1000 km 


( 


5.9 Explain the law of gravitation. 
d) 42,300 km 5.10 How the mass of Earth can be 
of a low orbit determined? 


5.11 Can you determine the mass of 
-1 our moon? If yes, then what you 
need to know? 


vi The orbi 
satellite is: 


(a) zero 


@ 
-1 -1 
(c) BOOS (H00 5.12 Why does the value of g vary 
5.2 What is meant t ce of from place to place? 


gravitation? 5.143 Explain how the value of g 


5.3 Do you attract the Earth or the varies with altitude. 


Parni anracis yot 5.14 What are artificial satellites? 
is attracting with a largerf 
.15 How Newton's law of 


You or the Earth. te 
: : gravitation helps in 
See ene ene Orca understanding the motion of 
5.5 Why earlier scientists could not satellites? 
guess about the gravitational 
force? 


On what factors the orbital 

ed of asatellite depends? 

5.6 How can you say that 
gravitational force is a field 
force? 


communication satellites 
ationed at geostationary 


PROBLEMS å 


5.1 Find the gravitational force of 5.3 Find t ration due to 
attraction between two spheres gravity on the surface of the 


each of mass 1000 kg. The Mars. Them f Mars is 
distance between the centres of 6.42x10” kg fna m1 radius is 

the spheres is 0.5m. 3370 km. ms”) 

(2.67 x10 “N) C) 

5.4 The acceleration vity 
52 The gravitational force between on the surface of n_is 
two identical lead spheres kept 1.62 ms”°. The radius of s 
at 1m apart is 0.006673 N. Find 1740 km. Find the s of 


their masses. moon. 
(10,000 kg each) (7.35x10” k 
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00 km above the surface of 
(4.0 ms *) 


(0.17 ms”) 


4.0 ms’ ata 


centre of the E Find the 
mass ofthe Earth. (6.99x10™ kg) 
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At what altitude the value of g 
would become one fourth than 
on the surface of the Earth? 

(one Earth's radius) 


A polar satellite is launched at 850 
km above Earth. Find its orbital 
speed. (7431 ms”) 


A communication satellite is 
launched at 42000 km above 
Earth. Find its orbital speed. 

(2876 ms‘) 
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Unit 6 


MWVork and Energy 


STUDENT’S LEARNING OUTCOMES Potential energy 


After studying this ul 


> 
> 


e students will be able to: 
define work and its SI unit. 
calculate work done,using equation 
e Work = force x dista ed in the 
direction of forc 


define energy, kinetic energy and tial energy. State 
unit of energy. 
prove that kinetic energy K.E. nd potential Kinetic energy Kinetic energy 


energy P.E. = mgh. Solve pro s/ using these 
equations. 


list the different forms of energy with ex 


describe the processes by which energy i d 


from one form to another with reference to This unit is built on 


-Scien 


fossil fuel energy 
hydroelectric generation 
solar energy 

nuclear energy 
geothermal energy 
wind energy 

biomass energy 


state mass energy equation E = mc’ and solve problems 
using it. 

describe the process of electricity generation by drawing 
a block diagram of the process from fossil fuel input to 
electricity output. 


list the environmental issues associated with power 
generation. 

explain by drawing energy flow diagrams through steady 
state systems such as filament lamp, a power station, a 
vehicle travelling ata constant speed on a level road. 
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> differentiate energy sources as non renewable 
and renewable energy sources with examples 
of each. 

> define efficiency of a working system and 
calculate the efficiency of an energy conversion 
using the formula: 
efficiency = energy output converted into the 
required form/ total energy input 

> explain why a system cannot have an efficiency 
of 100%. 

> define power and calculate power from the 
formula: 

Power = work done / time taken 

define the unit of power "watt" in SI and its 

conversion with horse power. 

Solve problems using mathematical relations 


INVESTIGATION SKILLS 
will be able to: 
e conservation of energy of a ball 


SCIENCE, TECHNOLOGY AND SOCIETY 
CONNECTION 


iven criteria, the 


> analyse and explain improveme 
performance using principles 
related to work, kinetic and po 
and law of conservation of energy 


pole vaulter or high jumper). 


> search library or internet and compare 
efficiencies of energy conversion device 
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mparing energy input and useful energy output. 
in principle of conservation of energy and 
is principle to explain the conversion of 


> e of energy in the context of the 


d cooling of buildings and 


Generally, work refers to.perform some task or job. 
In science, work has preci aning. For example, a 
man carrying a load is doing w 
if he is not moving while k 
Scientifically, work is done onl 


energy. 


6.1 WORK 


In Physics, work is said to be done whe 
acts on a body and moves it in the direction of the for 
The question arises how much work is done? Natu 
greater is the force acting on a body and longer is t 
distance moved by it, larger would be the work done. 
Mathematically, Work is a product of force F and 
displacement Sin the direction of force. Thus 


Work done = Force x displacement 
or W =FS ss. ot aie Sek (6:1) 


A 
f 
© 
G 
© 


Figure 6.1: Work done in displacing a body in the direction of force. 
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Sometimes force and displacement do not have the 
same direction such as shown in figure 6.2. Here the 
force Fis making an angle 0 with the surface on which 


Figure 6.2: Work done by a force inclined with the displacement. 


the body is moved. Resolving F into its perpendicular 
Pa F, and F, as; 


F, = Focos@ 
CG F, = Fsino 
n case when force and displacement are not 


ef! en only the x-component F, parallel to the 
surface ses the body to move on the surface and 
notthe y onent F). 
enc =F 
(Fcos 8) S 
Scos@ ... ... ... (6.2) 


Work is don 
displaces it inthe n of a force. 


Mini Exercise 
Acrate is moved by pulling 
the rope attached to it. It moves 
10 m on a straight horizontal 
road by a force of 100 N. How 
much work will be done if 


1. the rope is parallel to the 
road. 


2. the rope is making an angle 
of 30° with the road. 


force acting on a bod 
the angle between the 


UNIT OF WORK 


SI unit of work is jou 2). 


one newton displaces a body t 
in the direction of force. 


Thus 1J=1Nxim 
Joule is a small unit of work. Its bigger units 
1 kilo joule (kJ) = 1000 J 0°J1 
mega joule (MJ) =1000 000 J =1 
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carries a 10 kg bag upstairs to a height of 
18 step 0 cm high. Calculate the amount of work 


she ha carry the bag. (Take g=10 ms’). 
SOLUTI 
=10kg 
= mg = 10 kg x10 ms” 
= 100 N 
To carry the “bag upstairs, the girl exerts an 
upward force F equal to w, the weight of the bag. Thus 
F 
Height h =3.6m 
w 


The girl has done 3 


6.2 ENERGY 


The energy is an important and fû 
concept in science. It links almost all t 
phenomena. When we say that a body has € 
mean that it has the ability to do work. Wate 
down the stream has the ability to do work 
possesses energy. The energy of running water can 
used to run water mills or water turbines. 


Energy exists in various forms such 
mechanical energy, heat energy, light energy, sound 
energy, electrical energy, chemical energy and nuclear 
energy etc. Energy can be transformed from one form 
into another. 


Abody possesses energy if it is capable to do work. 


Mechanical energy possessed by a body is of two 
types: kinetic energy and potential energy. 


6.3: Running water 
energy. 


6.3 KINETIC ENERGY 


Moving air is called wind. We can use wind 
energy for doing various things. It drives windmills and a. gots 
pushes sailing boats. Similarly, moving water in a river Figure 6.4: Energy of the 
can carry wooden logs through large distances and wind moves the sailing boat: 
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can also be used to drive turbines for generating 
electricity. Thus a moving body has kinetic energy, 
because it can do work due to its motion. The body 
stops moving as soon as all of its kinetic energy is 
used up. 


The energy possessed by a body due to its motion 
is called its kinetic energy. 


Consider a body of mass m moving with 
velocity v. The body stops after moving through some 
distance S due to some opposing force such as force of 
friction acting on it. The body possesses kinetic energy 

dis capable to do work against opposing force F until 
fits kinetic energy is used up. 


. K.E. of the body = Work done by it due to motion 
FS ay ee. te (6:3) 


+ 


... (6.4) 
...(6.5) 
essed by a 
body of mass m moving with velocit 
EXAMPLE 6.2 
Astone of mass 500 g strikes th itha 
velocity of 20vms*. How much is the kine f 


the stone atthe time it strikes the ground? 


SOLUTION 
m = 500g =0.5kg O 
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v =20 ms" 
ee F 
K.E. = z mv 


E. = £ x 0.5 kg x (20 m s`)’ 


= 5 x 0.5 kg x 400 m's? 
= 100 J 


Thus, the kinetic energy o tone is 100 J as it strikes 
the ground. 2A 


6.4 POTENTIAL ENER y 
Often a body has the ability to do work although it f 
is at rest. For example, an appl is capable to do ~~ 


work as it falls. Thus, it posses 


position. When released, the stored energy of the 
pushes the arrow out of it. The energy present in t 
stretched bow is called elastic potential energy. 


+ (a) Hammer raised up 


The potential energy possessed by a hammer is aw. both. posses: 


due to its height. The energy present in a body due to its 
height is called gravitational potential energy. 


Let a body of mass m be raised up through height id 
h from the ground. The body will acquire potential energy 
equal to the work done in lifting it to height h. O 


Thus Potential energy P.E. =Fx h 


=wxh 


(Here weight of the body = w= mg) O 
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P.E. =wh= mgh ... ... (66) 

Thus, the potential energy possessed by the 

body with respect to the ground is mgh and is equal to 
the work done in lifting it to height h. 


EXAMPLE 6.3 


Abody of mass 50 kg is raised to a height of 3 m. 
Whatis its potential energy? (g = 10 ms *) 


SOLUTION 
massm =50kg 
DS heighth =3m 
rN =10 ms” 
=mgh 
CA =50kgx10ms x3m 
=50x10x3Jd 
C ; = 1500 J 
T otential energy of the body is 1500 J. 


The force acce 
a velocity of 50 m hrough what distance the force 
acts? 


SOLUTION 


Force F = -A 
Mass m =20kg 
Velocity v =50 ms 
Distance 


Since Work done on the body = Ò Pj it 
a FS = 2 mv? 


_ (20kg)x(50 ms")? 
2x200N 
Thus, the distance moved by the body is =O) 


S 
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3.5 FORMS OF ENERGY 


Energy exists in various forms. Some of the main 
forms of energy.are given in figure 6.6. 


Mechanical 
Energy 


Electrical 
Energy 


h ' it a 
=nergy nerg) 


Figure 6.6: Some of the main forms i 


MECHANICAL ENERGY 


The energy possessed by a body bot 
motion or position is called mechanical energ 
running down a stream, wind, a moving car, 
hammer, a stretched bow, a catapult or a compre 
spring etc. possess mechanical energy. 


Figure 6.7: Awatermill 


igure.6.8: Heat energy coming from 


HEAT ENERGY é the Sun. 
Heat is a form of energy given out by hot bodies. 


Large amount of heat is obtained by burning fuel. Heat is 
also produced when motion is opposed by frictional 
forces. The foods we take provide us heat energy. The 
Sun is the main source of heat energy. 


ELECTRICAL ENERGY 


Electricity is one of the widely used form of Figure 6.9: Most ò 
energy. Electrical energy can be supplied easily to any of our daily use need ¢ 
desired place through wires. We get electrical energy 
from batteries and electric generators. These electric 


generators are run by hydro power, thermal or nuclear 
power. 
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SOUND ENERGY 


When you knock at the door, you produce 
sound. Sound is a form of energy. It is produced when 
a body vibrates; such as vibrating diaphragm of a 
drum, vibrating strings of a sitar and vibrating air 
column of wind instruments such as flute pipe etc. 


LIGHT ENERGY 


Light is an important form of energy. Name 
> some sources of light that you come across. 


(a) (b) ie 
Figure 6.12 (a) Cooking stove 
with compressed gas cylinder Plants produce foodsif the presence of light. 
(b) Sectional view ofelectrical cell. We also need light to'see things. We get light from 
candles, electric bulbs, fluorescent tubes and also by 
DO YOU KNOW? burning fuel. However, most of ad light comes from 
the Sun. 


Figure 6.11: Light iswwé@ded during night also. 


CHEMICAL ENERGY 


Chemical energy is present in food,.fuels and 
in other substances. We get other forms of energy 
from these substances during chemical reactions. 
E EN, The burning of wood, coal or natural gaS“indir is a 

— oe chemical reaction which releases energy aS heat.and 
Our body gets energy : ; : ‘ pa 
stored in the food we take to light. Electric energy is obtained from electric_cells 
perform various activities. and batteries as a result of chemical reaction between __ 
various substances present in them. Animals get heat 
and muscular energy from the food they eat. 
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ENERGY 
ar energy is the energy released in the form 


DO YOU KNOW? 


s such as fission and fusion reactions. A nuclear power plant 
Heat energ ed in nuclear reactors is converted into | uses the energy released in 
he energy coming from the Sun for the | nuclear reactor such as 


last billions is the result of nuclear reactions | fission to generate electric 
taking place power. 
6.6 INTER ION OF ENERGY 

Energy ca e destroyed however it can be Potenti 

; otential energy 

converted into some othe s. For example, rub your 
hands together quickly. You will feel them warm. You have 
used your muscular en i ing hands as a result 


heat is produced. In the cess, of rubbing hands, 


Processes in natu results of 
energy changes. For example, som e heat energy 
from the Sun is taken up by wate e oceans. This 


Kinetic energy Kinetic energy 


Figure 6.13: Interconversion of 
kinetic energy into potential energy 
and potential energy into kinetic 
energy. 


Kinetic Eats Va 


3 =e —_ 
a Of A) 
Ther Energy 


Figure 6.14: Interconversion of Energy 
increases the thermal energy. Thermal energy causes 


water to evaporate from the surface to form water 4 


vapours. These vapours rise up and form clouds. As they ( ) 
cool down, they form water drops and fall down as rain. 
Potential energy changes to kinetic energy as the rain falls 
This rain water may reach a lake or a dam. As the rain 

water flows down, its kinetic energy changes into thermal 

energy while parts of the kinetic energy of flowing water is 

used to wash away soil particles of rocks known as soil 

erosion. 
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During the interconversion of energy from one 
form to other forms, the total energy at any time 
remains constant. 


6.7 MAJOR SOURCES OF ENERGY 


The energy we use comes from the Sun, wind 
and water power etc. Actually, all of the energy we get 
comes directly or indirectly from the Sun. 


FOSSIL FUELS 


We use fossil fuels such as coal, oil and gas to 
heat our houses and run industry and transport. They 
are usually hydrocarbons (compounds of carbon 
and hydrogen). When they are burnt, they combine 

ith oxygen from the air. The carbon becomes carbon 


A pole vaulter uses a flexibl 
vaulting pole made of special 
material. It is capable to store all 
the vaulter's kinetic energy while 
bending in the form of potential 
energy. The vaulter runs as fast 
as possible to gain speed. The 
kinetic energy gained by the pole 
vaulter due to speed helps 
him/her to rise up as the vaulter 
straightens. Thus he attains 
height as the pole returns the 
potential energy stored by the 
vaulter in the pole. 


dioxide; hydrogen become drogen oxide called 
water; while energy is as heat. In case of 


coal: 


formation. They are known as 
resources. We are using fossil fuels at 
Their use is increasing day by day to mee 
needs. If we continue to use them at present 
will soon be exhausted. Once their s 


I Ne exhausted, the world would face serious energy crisi 
Figure 6.16: Coal 
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ssil fuels would not be able to meet our future 
needs. This would cause serious social and 


gases, which pollute the 


s such 
as headache, tension, nausea, allergic ctions, 
irritation of eyes, nose and throat. Long exposure of these 
harmful gases may cause asthma, lungs c sart 
diseases and even damage to brain, nerves a 
organs of our body. 


NUCLEAR FUELS 


In nuclear power plants, we get energy as a res 
of fission reaction. During fission reaction, heavy atoms, 
such as Uranium atoms, split up into smaller parts 
releasing a large amount of energy. Nuclear power plants 
give out a lot of nuclear radiations and vast amount of 
heat. A part of this heat is used to run power plants while 
lot of heat goes waste into the environment. 


RENEWABLE ENERGY SOURCES 


Sunlight and water power are the renewable 
sources of energy. They will not run out like coal, oil and 
gas. 
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ENERGY FROM WATER 


Energy from water power is very cheap. Dams 
are being constructed at suitable locations in different 
parts of the world. Dams serve many purposes. They 
help to control floods by storing water. The water 
stored in dams is used for irrigation and also to 
generate electrical energy without creating much 
environmental problems. 


ENERGY FROM 
Solar energy i 
Sun and is used dire 
not pollute the environ 
are the ultimate source of lif 
dependent on the Sun for 
find a suitable method to us 
energy reaching the Earth, the 
fulfil our energy requirement. 


SOLAR HOUSE HEATING 
The use of solar energy is no owever, 


nergy coming from the 
irectly. Sunlight does 
ny way. The sunrays 
the Earth. We are 
and fuels. If we 
fraction of the solar 
it enough to 


its use in houses and offices as well as fo ercial 
industrial purposes is quite recent. Compl r 
house heating systems are successfully used inareas 


with a minimum amount of sunshine in 
heating system consists of: 


e A collector 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


131 


Unit 6: Work and Energy 


A storage device 
A distribution system 


Glass cover 


the back of the collector. The hot water c 

cooking, washing and heating the buildings. 
Solar energy is used in solar cook 

distillation plants, solar power plant, etc. 


SOLAR CELLS 


electricity by solar cells. A solar cell also called photo ce 
is made from silicon wafer. When sunlight falls on a solar 
cell, it converts the light directly into electrical energy. 
Solar cells are used in calculators, watches and toys. 
Large numbers of solar cells are wired together to form 
solar panels. Solar panels can provide power to 
telephone booths, light houses and scientific research 
centres. Solar panels are also used to power satellites. 


Several other methods to trap sunrays are under 
way. If scientists could find an efficient and inexpensive 
method to use solar energy, then the people would get 
clean, limitless energy as long as the Sun continues to 
shine. 


Figure 6.23: A solar pane 
the roof of a 
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WIND ENERGY 


Wind has been used as a source of energy for 
centuries. It has powered sailing ships across the 
oceans. It has been used by windmills to grind grain 
and pump water. More recently, wind power is used to 
turn wind turbines (Figure 6.24). When many wind 
machines are grouped together on wind farms, they 
can generate enough power to operate a power plant. 
In the United States, some wind farms generate more 
than 1300 MW of electricity a day. In Europe, many 
wind farms routinely generate hundred megawatts or 
more electricity a day. 


EOTHERMAL ENERGY 


In some parts of the world, the Earth provides 
us hot water from geysers and hot springs. There is 


igh temperature of magma. This energy is 
geothermal energy. 


eothermal well can be built by drilling deep 
ks at places, where magma is not very 


p G 
can be 5a mov 


heating purposes 
electricity. 


s up to the surface. The steam 
into houses and offices for 
an be used to generate 


Figure 6.25: A geothermal 
ponar ralon ENERGY FROM BI 
Biomass is plant or a 


burnt as fuel. Other forms 
farm wastes, sugarcane an 


wastes that can be 
ss are garbage, 
other plants. These 


wastes are used to run power plants..Many industries 
that use forest products get ha eir electricity by 
burning bark and other wood wastes. mass can 
serve as another energy source, bù ms are 
there in its use. 

When animal dung, dead plant dead 
animals decompose, they give off a m f 


methane and carbon dioxide. Electricity «san be 


: TE generated by burning methane. 
Figure 6.26: A biomass plant 
using animal dung 
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NERGY EQUATION 
instein predicted the interconversion of matter 


an According to him, a loss in the mass of a body 
provid of energy. This happens in nuclear 
reactions. tion between mass m and energy E is 


given by Einst ss-energy equation. 
ae) fae (6.7) 

Here c i d of light (3x10° ms”). The 
above equation s that tremendous amount of 
energy can be obtained fr all quantity of matter. It 
appears that matter i ighly, concentrated form of 
energy. The process of g P gy from our nuclear 
power plants is based o ove equation. The 


process is taking place on ned un andstars for the last 
millions of years. Only a very s of the Sun's 
energy reaches the Earth. This very 
Sun's energy is responsible for life foral ) 


ELECTRICITY FROM FOSSIL FUELS 


and coal. Fossil fuels are burnt in thermal power stati 
to produce electricity. Various energy conve 
processes involved in producing electricity from coal a 
described in a block diagram as shown in figure 6.27. 


Unit 6: Work and Energy 


Burning Changing P.E. Transferring Mechanical 
Process into Mechanical Mechanical energy into 
K.E. energy Electric energy 


Figure 6.27: Several energy conversion processes are 
producing electricity. 
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ENERGY AND ENVIRONMENT 


Environmental problems such as pollution that 
consist of noise, air pollution and water pollution may 
arise by using different sources of energy such as 
fossil fuels and nuclear energy. Pollution is the change 
in the quality of environment that can be harmful and 
unpleasant for living things. A temperature rise in the 
environment that disturbs life is called thermal 
pollution. Thermal pollution upsets the balance of life 
and endangers the survival of many species. 


Air pollutants are unwanted and harmful. 
atural processes such as volcanic eruptions, forest 
s and dust storms add pollutant to the air. These 
llutant, rarely build up to harmful levels. On the other 
hand} the burning of fuel and solid wastes in homes, 

Obiles and factories releases harmful amount of 
Foot ts. 


All power plants produce waste heat, but 
fissionsplants produce the most. The heat released 
into a lak er or an ocean upsets the balance of 
life in them. ike other power plants, nuclear power 


plants do oduce carbon dioxide. But they do 
produce dang dioactive wastes. 

In many co 
laws to control air 


conditions for automobiles, 
converters. These device 


ars have catalytic 
some polluting 
| has greatly reduced 


and using public transportation are the ways to redu 
the number of automobiles in use. 
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e system is converted into useful work. 
Remaining he energy is dissipated as heat energy, 


ENERGY SAVER LAMP 


An energy saver lamp 
ELECTRIC ENERGY 
(input) 


: An incandescent Lamp uses 
ELECTRIC ENERGY 


(input) 
S 


| An Electric Lamp produces 
p HEAT ENERGY 


output 


SPEED ON A 


VEHICLE RUNNING WITH C 
LEVEL ROAD 


Fuel in a car is a source of 
CHEMICAL ENERGY 
(input) 


Ignition of fuel causes 


HEAT ENERGY 
(output) 


WORK DONE 
in moving objects 
(output) 


POWER STATION 


POTENTIAL ENERGY 
OF STORED WATER 
(input) 


HEAT ENERGY | ; E | 
mets | WORK DONE 
due to friction | in running the turbine > “Lp 
(output) L sN ce Et 
ELECTRIC ENERGY 
FROM ELECTRIC GENERATOR 


(output) 
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6.8 EFFICIENCY 


How to get work done from a machine? We provide 
some form of energy to a machine. This is necessary 
for the machine to work. Human machine also needs 
energy to do a variety of work. We take food to fulfil the 
energy needs of our body. 


We give some form of energy to machines as input to 
get useful work done by them as output. For example, 
electric motors may be used to pump water, to blow air, 
to wash clothes, to drill holes, etc. For that depends 
how much output we obtain from it by giving certain 
Figure 6.28: An electric drill, ò, input. The ratio of useful output to input energy is very 

; important to judge the working of a machine. Itis called 
the efficiency of a machine defined as 


fficiency of a system is the ratio of required 
i A, energy obtained from a system as output 
9 thé total energy given to it as input. 


For Your Information 


Efficiencies of some typical ab required form of output 


.. (6.8) 


devices/machines Thus’ Efficiency 
y™ total input energy 

Device | Useful A Po i 

Energy | or | work lene or % EM = Sequined Tammion Output -igg 16.0) 

nput | Machine | done |='"'c'ency » — total input energy 


100 J rig 5J 5% An ideal systemi is that which gives an output equal to 
the total energy used by it. In other words, its efficiency 

1003 | Ersine | 289 | 25% is 100 %. People* have tried to design a working 
: system that would be.100 % efficient. But practically 

100) ‘Motor | 809 | 80% such a system does not exist. Every system meets 
oe energy losses due to friction’that causes heat, noise 

WUS Fan |) > eE etc. These are not the useful forms of energy and go 
eae waste. This means we cannotwltilize all the energy 

ea ecient s ae given to a working system. The enérgy in the required 


form obtained from a working system is always less 
than the energy given to itas input. 4 


EXAMPLE 6.5 


A cyclist does 12 joules of useful work while Dedalling 
his bike from every 100 joules of food ver which he 
takes. Whatis his efficiency? l 


SOLUTION 
Useful work done by the cyclist= 12 J 
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ed by the cyclist = 100 J 
: _ 12J 
en ~  100J 
= 0.12 
or % efficie = 0.12x100 =12% 
The efficiency clist is 12 %. 


6.9 POWER 


id 


Two persons have done equal work, one took one 
hour to complete it an eo comiat it in five 
hours. No doubt, both of them have done equal work but 


is done. One has done 


s us the rate of 
ng work. | 


they differ in the rate at which w. 
it faster than the other. The qua 
doing work is called power. Thus 

Power is defined as the rate 
Mathematically, 


Work done 

PowerP = ———— 
Time taken 

ae ee 
t 


Since work is a scalar quantity, therefore, pow 
also a scalar quantity. SI unit of power is watt (W). lf is 
defined as 


The power of a body is one watt if it does work at 
the rate of 1 joule per second (1 Js’). 


Bigger units of power are kilowatt (kW), megawatt 
(MW) etc. 


1kW = 1000 W = 10?W 
1MW = 1000000 W = 10° W 
1 horse power = 1hp = 746 W 


EXAMPLE 6.6 


A man takes 80 s in lifting a load of 200 N through 
a height of 10 m. While another man M, takes 10 s in 
doing the same job. Find the power of each. 


Unit 6: Work and Energy 


> 
© 
Lo 
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SOLUTION 


Unit 6: Work and Energy 


F = 200N 
S = 
Time takenbyman M; =t, = 80s 
Time takenbymanMs, =t = 10s 


As work done 


H Power of man M; 
<<) man 


Thus th r anM, is2 
M, is 200 watts. 


EXAMPLE 6. 


Calcula 
70 kg of water thro 
10 seconds. Also find t 


SOLUTION 
Mass of water 
Height 
Time taken 


Force required 


Work done 
or 


W = 
W 


© WWW.SEDINFO.NET © 


10m 


FxsS 


200 Nx 10m 


2000 J 
Work 
th 
2000 J 

80s 
= 25 watts 
Work 


10s 
200 watts 


FxS 
7OONx16m 


1 


= 25Js 


5 watts and that of man 


ower of a pump which can lift 
ical height of 16 metres in 


© 
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= 11200J 
Power - 
Nes. 00s 
10s 
= 1120 watts 
As hp = 746 watts 
1120 watts 


= —— h 
+ 746 watts 
= 1.5 hp 


SUMMARY 


Work is said to be done fen a due to its position is called 
force acting on a body move / 


v 


ERAS potential energy. 
the direction of the force. 
Energy cannot be created nor 


destroyed, but it can be converted 
om one form to another. 


e Work =FS 
e Sl unit of work is joule (J). 


> When we say that a body has 
energy, we mean that it has the 
ability to do work. SI unit of energy 
is also joule, the same as work. 


cesses in nature are the result 

ergy changes. Heat from the 

uses water of oceans to 

o form clouds. As they 
y falldown as rain. 


> Energy exists in various forms 
such as mechanical energy, heat > 
energy, light energy, sound 
energy, electrical energy, chemical 
energy and nuclear energy etc. 
Energy from one form can be 


cool d 


Einstein redicted the 


> Fossil fare are known as 


transformed into another. non renewable Reso aos 
it took millions of y i them to 
> The energy possessed by a body attain the present form 
due to its motion is called kinetic 
energy. > Sunlight and water po 
the renewable resour of 
> The energy possessed by a body 


© 
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energy. They will not run out like 
coal, oil and gas. 


Environmental problems such as 
polluting..emission consisting of 
noisé, Air pollution and water 
pollutionsmay arise by using 
different sources of energy such 
as fossilfuelS, nuclear energy. 


140 


> 


Unit 6: Work and Energy 


The ratio of the useful work done 
by a device or machine to the total 
energy taken up by it is called its 
efficiency. 

Power is defined as the rate of 
doing work. 

The power of a body is one watt 
which is doing work at the rate of 
one joule per second. 


QUESTIONS 


6.1 


Encircle the correct answer 
from the given choices: 


The work done will be zero when 
the angle between the forcesand 
the distance is 


(a) 45° (b) 60° 
(c) 90° (d) 180° 


If the direction of motion of the 
force is perpendicular to the 
direction of motion of the body, 
then work done will be 


(a) Maximum 

(b) Minimum 

(c) zero 

(d) None of the above 


If the velocity of a body becomes 
double, then its kinetic energy will 
a) remain the same 

become double 

c) become four times 


DN ~ ~” mn~ 
og 
~x 


d) become half 


iv. 


The work done in lifting a brick of 
mass 2 kg through a height of 5 m 
above ground will be 


(a)2.5J  (b)10J 
(c)50J  (d)100J 


The kinetic energy of a body of 
mass 2 kg is 25 J. Its speed is 


f (a)5ms” (b)12.5 ms“ 


vi. 


vii. 


(c) 25 ms" (d) 50 ms“ 


Which one of the following 
converts light energy into electrical 
energy? 


(a) électric bulb 

(b) electri¢ generator 
(c) Photocell — 

(d) Electric cell 


When a body is lifted through a 
height h, the work done on it 
appears in the form of its: 


(a) kinetic energy © 

(b) potential energy 

(c) elastic potential energy 
( 


d) geothermal energy 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


141 


Unit 6: Work and Energy 


6.4 Why do we need energy? 

6.5 Define energy, give two types of 
mechanical energy. 

6.6 Define K.E. and derive its 
relation. 


6.7 Define potential energy and 
derive its relation. 


6.8 — Why fossils fuels are called non- 


(a) electric & renewable form of energy? 


b) potential energ 6.9 Which form of energy is most 


Kinet preferred and why? 
eee 6.10 How is energy converted from 
( 


d) thermal energy one form to another? Explain. 
x. In Einstein's roe fay 6.11 Name the five devices that 


equation, c is the convert electrical energy into 
dai r mechanical energy. 
a) speed o 
aye? ieee .12 Name a device that converts 
(b) speed of light mechanical energy into 
(c) speed of electron electrical energy. 
(d) speed of Earth . hat is meant by the efficiency 
asystem? 
xi. Rate of doing work is called 6.1 can you find the efficiency 
(a) energy (b) torque stem? 
(c) power (d) momentum 6.15 s meant by the term 
6.2 Define work. What is its SI po 
unit? 6.16 Defi 
6.3 When does a force do work? 
Explain. 


k? 
© 
Lo 
© 
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6.3 


6.4 


6.5 


6.6 


6.7 
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PROBLEMS 


phas pulled a cart through 6.8 A 50 kg man moved 25 steps up 
plying a force of 300 N. in 20 seconds. Find his 
e work done by the man. power, if each step is 16 cm 
(10500 J) high. (100 W) 


hing 20 N is lifted 
pward. Calculate 
=rgy stored in it. 


Unit 6: Work and Energy 


$ (120 J) 
A car weighing,12 kN has speed zA 
of 20 ms”. d å inetic 
energy. height 
(240kJ) 


A500 g stone is thrown u force = weight 
velocity of 15ms". Find it ) 


(i) P.E. at its maximum height 


(ii)K.E. when it hits the ground : Calculate the power of a 
(56.25 J, 56.25 J pump which can lift 200 kg 
On reaching the top of a slope mater snug Ma: ENGI OF 
: ; in 10 seconds. 
6 m high from its bottom, a (1200 watts) 
cyclist has a speed of 1.5 ms". 
Find the kinetic energy and 6.10 ctric motor of 1hp is 
the potential energy of the us un water pump. The 
cyclist. The mass of the w Oa Veni 10 minutes 
cyclist and his bicycle is 40 kg. to fi erhead tank. The 
(45 J, 2400 J) tank has a capacity of 
800 litr ight of 15 m 
A motor boat moves at a steady Find the actual work done by 
speed of4ms . Water resistance the electri to fill the 
acting on it is 4000 N. Calculate tank. Also find the efficiency 
the power of its engine. of the system. 
(16 kW) 
Aman pulls a block with a force (DENSI AT wate 
of 300 N through 50 m in 60 s. (Mass of 1 litre of w. 
Find the power used by him to (447600 J, 
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STUDENT’S LEARNING OUTCOMES 
After studying this'unit, the students will be able to: 
> state kinetic lecular model of matter (solid, 
liquid and gas fo J 
> describe briefly th urth- state of matter i.e. 
Plasma. 


> define the term density. 
> compare the densities ofa | liquids and 


gases. 


> define the term pressure (as a f acting 
normally on unit area). 

> explain how pressure varies with force and 4 
the context of everyday examples. 


> explain that the atmosphere exerts a pressure 


> describe how the height of a liquid column may bef _| 
used to measure the atmospheric pressure. 


> describe that atmospheric pressure decreases 
with the increase in height above the Earth's 
surface. 


> explain that changes in atmospheric pressure in a 
region may indicate a change in the weather. 


> state Pascal's law. 


> apply and demonstrate the use with examples of 
Pascal's law. 


> state relation for pressure beneath a liquid 


surface to depth and to density i.e., (P=pgh) and 
solve problems using this equation. 
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> state Archimedes principle. 
> determine the density of an object using 
Archimedes principle. 


> state the upthrust exerted by a liquid on a body. 


> state principle of floatation. 


> explain that a force may produce a change in size 
and shape of a body. 


> define the terms stress, strain and Young's 
modulus. 


state Hooke's law and explain elastic limit. 


ressure of motor bike / car tyre and state 
inciple of the instrument and its value in SI 


> determine 


SCIENCE, TECHNOLOGY AND SOCIETY 
CONNECTION 
The students will be able 
> explain that to fix ath 
top increases thousands tim 


sity of irregular shaped objects. 


ressure exerted on the 
the pin point. 


> explain the use of Hydromet 
ofacar battery acid. 


to measure the density 


+ 
> explain that ships and submarine a surface 
when the buoyant force acting on t 
their total weight. 


> state that Hydraulic Press, Hydraulic and 
Hydraulic brakes operate on the principle tha d 
pressure is transmitted equally in all direction 
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plain that the action of sucking through a straw, 
er, syringe and vacuum cleaner is due to 
eric pressure. 


ists in three states, solid, liquid and gas. | | 
There ar properties associated with matter. For 
example, m eight and occupies space. There 

ies which are associated with one 7. 


state of matter b ith other. For example, solids have 


shape of their own iquids and gases do not. Liquids Figure 7.1: Water exists in all the 
three states. 


solubility, flow, elasticit 
qualities. Kinetic molecular 
the properties of matter in a sim 


7.14 KINETIC MOLEC 
MATTER 


The kinetic molecular model of ma hown in 


figure 7.2 has some important features. These 
e Matter is made up of particles called les. 
e The molecules remain in continuous ne ) 


e Molecules attract each other. 


Kinetic molecular model is used to explai 
three states of matter - solid, liquid and gas. 


SOLIDS 


Solids such as a stone, metal spoon, pencil, etc. 
have fixed shapes and volume. Their molecules are held 
close together such as shown in figure 7.3 by strong 
forces of attraction. However, they vibrate about their 
mean positions but do not move from place to place. 


LIQUIDS 


The distances between the molecules of a 
liquid are more than in solids. Thus, attractive forces 
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Figure 7.5: Molecules are much 
farther apart in gases. 


Figure 7.6: A plasma bulb 
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between them are weaker. Like solids, molecules of a 
liquid also vibrate about their mean position but are not 
rigidly held with each other. Due to the weaker attractive 
forces, they can slide over one another. Thus, the liquids 
can flow. The volume of a certain amount of liquid 
remains the same but because it can flow hence, it 
attains the shape of a container to which it is put. 


GASES 
Gases such as air have no fixed shape or 
olume. They can be filled in any container of any shape. 
eir molecules have random motion and move with 
ery high velocities. In gases, molecules are much 
fi r apart than solids or liquids such as shown in 
gure %45. Thus, gases are much lighter than solids and 
i Phey can be squeezed into smaller volumes. The 
a gas are constantly striking the walls of a 


The kinetic energy of gas molecules goes on 
increasing if a gå 5 is he ated continuously. This causes 
collisions between d molecules of the gas 
become so strong that t off the atoms. Atoms 
lose their electrons and Rie ions. This ionic 
state of matter is called plasm ma is also formed 
in gas discharge tubes when ic current passes 
through these tubes. 


Plasma is called the fo a 
which a gas occurs in its ionic state, Positive ions and 
electrons get separated in the presence 
magnetic fields. Plasma also exists 


conducting state of matter. It allows electric current t 
pass through it. 
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Table 7.1: Density of various 
substances 


stance is denser or which is 


Substance Density 
lighter we gener ompare the densities of various Cem) 
substances. The density of a substance is the ratio of its Air 1.3 


mass to that of its volume. Thus 


Density of a substance is defined as its mass per 
unit volume. 


Density = 


Foam 
Petrol 
Cooking oil 


Ice 


Water 


89 


SI unit of density is kilogramme Z 
(kgm~). We can calculate the density of a Glass 2500 
know its mass and its volume. For examp m | soe 


5 litre of water is 5 kg. Its density can be c 
putting the values in equation 7.1. 


Since 1 litre =10°m° 
5 litre = 5 x10” m? 


Density of water = __°kO 
5x10% m° 
= 1000 kg m° 


The density of water is 1000 kg m”. 


Aluminium | | 
y 


Iron 


Copper 
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EXAMPLE 7.1 


The mass of 200 cm’ of stone is 500 g. Find its 
density. 


SOLUTION 
m = 500g 
V = 200 cm? 
, Mass 
Density = 
Volume 


URE 
Ss a pencil from its ends between the palms. 


The sing the tip feels much more pain than the 
palm pressi blunt end. We can push a drawing pin 
into a woode rd by pressing it by our thumb. It is 


because the forceswe apply on the drawing pin is 
confined just all area under its sharp tip. A 
ould be very difficult to push 


Figure 7.7: Smaller is the area, 
larger will be the pressure. 


The force acting normally per unit a on the 
surface of a body is called pressure a) 
>t 


Ey Bei 
Figure 7.8: Adrawing pin witha 
sharp tip enters easily when 
pressed on a wooden board. Thus Pressure P= Force. 
F 
or P= A to mee meee 
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The iS surrounded by a cover of air called 
atmosphere. to a few hundred kilometres 
above sea leve certain sea creatures live at the 
bottom of ocean, w. the bottom of a huge ocean of Figure 7.9: The air pressure inside 
air. Air is a mixture of ga The density of air in the the bubble is equal to the 


atmosphere is not uniform. It decreases continuously as 2osPheric pressure. 
we go up. 

Atmospheric pressure acts in all directions. Look Atmosphere | 
at the picture in figure 7.9. Whať the girl is doing? Soap pressure 


bubbles expand till the pressure 
the atmospheric pressure. Wh ap bubbles so \ 
clude that a 


formed have spherical shapes? Ca n Messur 
the atmospheric pressure acts on a bubble equally in all 
direction? 


Figure 7.10: Air pressure inside 
he balloon is equal to the 
atmospheric pressure. 


simple experiment. 


EXPERIMENT 


Take an empty tin can with a lid. Open its cap a 
put some water in it. Place it over flame. Wait till water 
begins to boil and the steam expels the air out of the can. 
Remove it from the flame. Close the can firmly by its cap. 
Now place the can under tap water. The can will squeeze 
due to atmospheric pressure. Why? 


When the can is cooled by tap water, the steam in 
it condenses. As the steam changes into water, it leaves 
an empty space behind it. This lowers the pressure inside 
the can as compared to the atmospheric pressure 
outside the can. This will cause the can to collapse from 
all directions. This experiment shows that atmosphere A 
exerts pressure in all directions. 


Figure 7.11: Crushing can 
experiment. 
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The fact can also be demonstrated by collapsing 
of an empty plastic bottle when air is sucked out of it. 


MEASURING ATMOSPHERIC PRESSURE 


At sea level, the atmospheric pressure is about 
101,300 Pa or 101,300 Nm*. The instruments that 
measure atmospheric pressure are called barometers. 
One of the simple barometers is a mercury barometer. It 
consists of a glass tube 1m long closed at one end. After 
illing it with mercury, it is inverted in a mercury trough. 
Mercury in the tube descends and stops at a certain 

sight. The column of mercury held in the tube exerts 
re at its base. At sea level the height of mercury 
umn above the mercury in the trough is found to be 
fcm. Pressure exerted by 76 cm of mercury 


ommon to express atmospheric pressure 
height of mercury column. As the 


Figure 7.12: A mercury barometer 


DO YOU KNOW? 


* eno || Atmospheric pressure ca hold vertical column of water 
about 13.6 times the héight 

Vertical height of water column 
064 À. Thus, a glass tube 


Dust & Dirt 


Intake 


Dust & Air 


The fan in a vacuum cleaner 


lowers air pressure in its bucket. 
The atmospheric air rushes into it 


carrying dust and dirt with it h i : | AJ 
a a cout which is approximately 1000 Pa. It would beco 


and dirt particles are blocked by| at an altitude where there is no air. Thus, we can 


the filter while air escapes out. determine the altitude of a place by knowing th 
atmospheric pressure atthat place. ( ) 
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tmospheric pressure may also indicate a DO YOU KNOW? 


10e; mospheric pressure at a certain 
place indicate the expected changes in the weather 
conditions of that place. For example, a gradual and 
average drop in ati spheric, pressure means a low <a 

. f i . p When air is sucked through 
pressure in a neighbou cality. Minor but rapid fall in | strawwith its other end dipped in 


atmospheric pressure indic i a liquid, the air pressure in the 
straw decreases. This causes 


i . the atmospheric pressure to 
pressure is accompanied by breeze push the liquid up the straw. 


sudden fall in atmospheric pres 
storm, rain and typhoon to occur in fe 


weather conditions. A gradual large in 
atmospheric pressure indicates a long spell of 


that it will soon be followed by a decrease “in 
atmospheric pressure indicating poor weather ahead 


7.5 PRESSURE IN LIQUIDS 

Liquids exert pressure. The pressure of a liquid 
acts in all directions. If we take a pressure sensor (a 
device that measures pressure) inside a liquid, then the 
pressure of the liquid varies with the depth of sensor. 

Consider a surface of area A in a liquid at a depth 
has shown by shaded region in figure 7.13. The length of 
the cylinder of liquid over this surface will be h. The force 
acting on this surface will be the weight w of the liquid 
above this surface. If p is the density of the liquid and mis 
mass of liquid above the surface, then 

Mass of the liquid cylinderm =volumexdensity Figure 7.13: Pressure of a liqui 

=(Axh) xp at a depth h. 
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Force acting on area A F =we=mg 


as Pressure P = 


.. Liquid pressure at depthh =P= pgh ... (7.3) 


Equation (7.3) gives the pressure at a depth hin 
a liquid of density p. It shows that its pressure in a liquid 
increases with depth. 


PASCAL'S LAW 


; Hotere: An external force applied on the surface of a 
The piston of the syringe is pulle¢ . i ae 
out. This lowers the pressure in uid increases the liquid pressure at the surface of the 


the cylinder. The liquid from the} liquid increase in liquid pressure is transmitted 
bottle enters into the piston 


through the needle. 


rushes out of the holes i 
pressure. The force the piston exerts 
pressure on water. This pr transmitted equally 
Figure 7.14: Demonstrating throughout the liquid in all directions: 

Pascal's law. 


In general, this law holds good for fluids both for 
liquids as well as gases. 


+ 

APPLICATIONS OF PASCAL'S LA! 

Pascal's law finds numerous applications in our 
daily life such as automobiles, hydraulic brake 


hydraulic jack, hydraulic press and other hyd 
machine such as shown in figure 7.15. 


HYDRAULIC PRESS 


CN is ee Hydraulic press is a machine which works 
Figure 7.15 Hydraulic excavator Pascal's law. It consists of two cylinders of differ 
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ctional areas as shown in figure 7.16. They are 
i istons of cross-sectional areas a and A. The 


objectt pressed is placed over the piston of large 
cross | area A. The force F, is applied on the 
piston of oss-sectional area a. The pressure P 
produce iston is transmitted equally to the 
large piston rce F, acts on A which is much larger 


F. 
, UN | 
Figure 7.16: A hydraulic press 
Apply P I's the pressure on large 
piston of area A will be same as on small 
piston. 
s pl =f 
A 
Comparing the abov i ns, we get 
F, F, 


A oa 4 
F2 =Ax 5 O 
a 
or Fo = Fix A a sae 7 
a 


Since the ratio 4 is greater than 1, hence the 


force F, that acts on the larger piston is greater than the 
force F, acting on the smaller piston. Hydraulic systems 
working in this way are known as force multipliers. 


EXAMPLE 7.2 


f O 
In a hydraulic press, a force of 100 N is applied on O 


the piston of a pump of cross-sectional area 0.01 m’. Find 
the force that compresses a cotton bale placed on larger 
piston of cross-sectional area 1 m°. 


SOLUTION 
Here F, =100N 
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a =0.01m 
A =1 m 
Pressure P on smaller piston = — 
a 
100 N 
0.01 m? 
= 10000 Nm” 


Applying Pascal’s law, we get 


P Force Fə acting on the bale = PA 
JS = 10000 Nm”°x 1m? 
AN = 10000 N 
- 


ydraulic press will compress the bale with a force 


YSTEM IN VEHICLES 


Brake drum 
Pistons 
REAR WHEEL 
O) 


Restoring 
spring 


FRONT WHEEL 


The braking systems of cars,.busesyzetc. also 
Sas own in 

ted 
exerts a force on the master cylinder, which in 
the liquid pressure in it. The liquid pres 


transmitted equally through the liquid in the metal pipes 
to all the pistons of other cylinders. Due to the increa N 
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pressure, the pistons in the cylinders move 
ssing the brake pads with the brake drums. 
iction between the brake pads and the 


happen if a piece is released under water. We 
might have notice 


i i hata filled with water feels light 
under water but feel avy as»soon as we take it out of 
water. 


More than two thousand years ago, the Greek 
scientist, Archimedes noticed that there is an upward 
force which acts on an object kept,inside a liquid. As a 
result an apparent loss of weig 


bserved in the 
object. This upward force acting o object is called 
the upthrust of the liquid. Archimedes principle states 


that: 


When an object is totally or partially i 
liquid, an upthrust acts on it equal to th 
the liquid it displaces. 


Consider a solid cylinder of cross-section 
A and height h immersed in a liquid as shown in fi 
7.18. Let h,and h, be the depths of the top and botto 
faces of the cylinder respectively from the surface of th 
liquid. 


igure 7.18: Upthrust on a body 
i ed in a liquid is equal to 
~~ hn liquid displaced. 


Then ho-h, = h 


If P,and P, are the liquid pressures at depths h, 
and h, respectively and p is its density, then according to 


sa 1 
7. 


P; = pgh 
P = pgh 


Let the force is exerted at the cylinder top by the 
liquid due to pressure P, and the force F, is exerted at the 
bottom of the cylinder by the liquid due to P,. 
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RFR = PA =p g h, A 


and Fo = PpA =p ghA 

F, and F, are acting on the opposite faces of the 
cylinder. Therefore, the net force F will be F,- F, in the 
direction of F,. This net force F on the cylinder is called 
the upthrust of the liquid. 


y Fə-F; 


p g hA-pghA 


= pgA(h2-h)) 
Upthrust of liquid = pgAh wee aes (7.5) 
= pgV i zen (7.6) 


Here Ah is the volume V of the cylinder and is 
he volume of the liquid displaced by the 


— Acid . i . è ; ` ` ` 
container hich is Archimedes principle. 


‘nube of sides 10 cm each has been 
fin w er. Calcuclate the upthurst of 


dipped complete 
water acting on it. 


SOLUTION 


Length of side L =10 LQ 


Volume V =L? =(0. 


Weight 


Hydrometer is a glass tube 
with a scale marked on its 
stem and heavy weight in the 
bottom. It is partially immersed 
in a fluid, the density of which 
is to be measured. One type of 
hydrometer is used to 
measure the concentration of 
acid in a battery. It is called 
acid meter. 


Density of water p = 1000 kgm` 
Upthurst of water =pgV 
= 1000 kgm °x10 
=10N 


Thus, upthurst of water acting on the 
cubeis 10N. 
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OF AN OBJECT 
imedes principle is also helpful to determine 


me of liquid = w = w, - w, 


Here w, is t of the solid in liquid. 
According to Archimedes principle, w, is less than its 


Since 


= 
Pp "a.u pan À 
Dep P P MAR 
l [m a 
D S © S S = =| 
(b) 


Ww 
or = 1 xp L Ea (7.7) 
W, — W, f, (a) 
Figure 7.19: (a) weighing solid 


in air (b) weighing solid in water 
the and measuring water displaced 
: by the solid. 


its weight in water w,, we can calculate th 
solid by using equation 7.7 as illustrated in t 
example. 

EXAMPLE 7.4 


The weight of a metal spoon in air is 0.48 N 
weight in water is 0.42 N. Find its density. 


SOLUTION A) 
Weight of the spoon =0.48N f 


Weight of spoon in water w, = 0.42 N 
Density of water p = 1000 kg m° 
Density of spoon D=? id 


Using equation 7.8, ( 
D= —"" xp O 
W,—W2 Z 


_  0.48N 
0.48N-0.42N 


8000 kg m° 
Thus, density of the material of the spoon is 8000 kgm*. 


x 1000 kg m” 
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7.7 PRINCIPLE OF FLOATATION 


An object sinks if its weight is greater than the 
upthrust acting on it. An object floats if its weight is equal 
orless than the upthrust. When an object floats in a fluid, 
the upthrust acting on it is equal to the weight of the 
object. In case of floating object, the object may be 
partially immersed. The upthrust is always equal to the 
weight of the fluid displaced by the object. This is the 
principle of floatation. It states that: 


A floating object displaces a fluid having weight 


equal to the weight of the object. 


Archimedes principle is applicable on liquids as 
as gases. We find numerous applications of this 
pri le in our daily life. 


XA ETS 
mpty meteorological balloon weighs 80 N. It 
0° cubic metres of hydrogen. How much 


maxi tents the balloon can lift besides its own 
weight? ity of iyereget) is 0.09 kgm “and the 
density of airi kgm”. 

SOLUTIO 

Weight of the Ee ) E) w = 80N 

Volume of hydrogen = 10°m° 

Density of hydrogen 0.09 kg m” 

Weight of hydrogen 


Density of air 
Weight of the contents ZS) 
Upthrust air displaced 


= es 3 a 2 x10.m? x10 ms” 
= 130 N 
Wi = pı V 
Weight of hydrogen = 0.09 2 ton 324 


= W + W + Wo 
Total weight lifted 


To lift the contents, the total weight of the O 
should not exceed F. 
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w+mM+tWw =F 

N+9N+w: =130N 

wə =130N-89N 
= 41N 


imum weight of 41 N can be lifted by 


ats on water. It is because the 
weight of an equal on water is greater than the 
weight of the block.« According to the principle of 


floatation, a body float isplaces water equal to the 
weight of the body when its partially or completely 
immersed in water. 

es 


Ships and boats are 
principle of floatation. They car 
over water. It would sink in water if i 
weight of its passengers and goo 
than the upthrust of water. 


i on the same 


Figure 7.20: Aship floating 
over water. 


becomes greater than the upthrust, it dives into water and ure) 24: A submarine travels 


remains under water. To come up on the surface, the under water. 
tanks are emptied from seawater. 
EXAMPLE 7.6 


A barge, 40 metre long and 8 metre broad, whose 
sides are vertical, floats partially loaded in water. If 


+ 
125000 N of cargo is added, how many metres will it sink? 
SOLUTION 
Area of the barge A = 40mx8m AL 


= 320 m? 
Additional load w to carry = 125000 N 
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Increased upthrust F of water must be equal to the 
additional load. Hence 


F = pVg 
Since | =w 
n pVg =w 
or 1000 kgm” x Vx10 ms” = 125000 N 
or V =125m? 
: ' V 
Depth h to which barge sinks = h = — 
o A 
3 
12. 
3 — 5 m 
320 m 
=0.04m =4 cm 


e, barge will sink 4 cm in water on adding 


that the length of a rubber band 
ching it. Similarly, the pointer of a spring 
hen a body is suspended from it. It is 
the spring inside the balance 

the weight of the suspended 
in figure 7.22. What happens to 
ting on them. The applied 
gth or volume of a 


force that changes 


substance is called deformi orce. In most of the cases, 
the body returns to its origina Co) nd shape as soon as 
the deforming force is removed. 


Figure 7.22 (a) A spring is stretched 
by a force (b) A rod is twisted by the 
torque produced by a couple (c) A 


strip is bent by a force. and shape as the deforming fo 


called elasticity. 


STRESS 
Stress is related to the fo Cp: cing 


deformation. It is defined as: 


Force 
Thus Stress= SAGs aei Gabe: aes 0h) 
Area 
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SI, the unit of stress is newton per square metre 


ss acts on a body, it may change its 
ape. A ratio of such a change 
with the original length, volume or 
. If stress produces a change in 
n the strain is called tensile 


length, volu 
caused by t 
shape is called 


(7.9) 


Strain has no units 
two similar quantities. 


7.9 HOOKE'S LAW 


It has been observed that 
volume or shape of a body depends u 
acting on the body. Hooke's law states th 


The strain produced in a body by the stre 
to it is directly proportional to the stress 
elastic limit of the body. 


Thus stress œ strain 

or stress = constant x strain 

or arean = constant ba Pew. Pol) 
strain 


Hooke's law is applicable to all kinds of 
deformation and all types of matter i.e., solids, liquids or 
gases within certain limit. This limit tells the maximum 
stress that can be safely applied on a body without 
causing permanent deformation in its length, volume or 
shape. In other words, it is a limit within which a body 
recovers its original length, volume or shape after the 
deforming force is removed. When a stress crosses this 
limit, called the elastic limit, a body is permanently 
deformed and is unable to restore its original state after 
the stress is removed. 


Unit 7: Properties of Matter 


y 
y 


4 
y 


ig 7.23: Extension in the 
S ingd pends upon the load. 


Extension 


Figure 7.24: Graph betw 
force and extension. 


© 
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YOUNG'S MODULUS 

Consider a long bar of length L, and cross- 
sectional area A Let an external force F equal to the 
weight w stretches it such that the stretched length 
becomes L. According to Hooke's law, the ratio of this 
stress to tensile strain is constant within the elastic limit 
ofthe body. 


The ratio of stress to tensile strain is called 
Young's modulus. 


Mathematically, 


s Stress 
ung’s modulus Y = Tensile sian À (7.11) 
et be the change in length of the rod, then 
AL= L-L, 
Stress = Force = 


Area 


F 
A 
L- L 
and strain >o = AL 
L, L, 
Stress 
S 


Material 


Table 7.2: Young’s modului = 
å Pa Tensile strain 
F L, 
ay e 
A 


of some common materials 
Y = 


... (7.12) 

SI unit of Young's is newton per square 
metre (Nm*) Young's eo some common 
materials are given in Table 7.2. 


EXAMPLE 7.7 
ron 190 A steel wire 1 m long and cr ctional area 


OSS- 
Teed 5x10°°m’ is stretched through 1 mn by/a force of 10,000 
N. Find the Young's modulus of the wire. 


Nickel 

Rubber SOLUTION 

T Force F = 10,000 N 
Tungsten Length Laim 

Wood 

(parallel gain) Extension AL =1mm =0.001m 
Wood Jea Ty 
aa Cross sectional Area A =5x10° m 
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FL, 
AAL 

10000 Nx1 m 

~ 5x10 m?x0.001 m 
Y =2x10 Nm” 


=2 


can determine its altitude. 


three states of matterassUming that > The changes in atmospheric pressure 
matter is made up called at a certain place indicate the 
molecules. expected changes in the weather 
the molecules remain i conditions of that place. 

continuous motion. > Liquids also exert pressure given by: 
molecules attract each other. P=pgh 

At very high temperature, the co > Liquids transmit pressure equally in 


ll directions. This is called Pascal's 
between atoms and molecules tear all directions 


off their electrons. Atoms become a 
positive ions. This ionic state of matter When a body is immersed wholly or 
artially in a liquid, it loses its weight 


is called plasma-the fourth state of 
al to the weight of the liquid 


[J 
matter. f eg 
5 aced. This is known as 


Density is the ratio of mass to volume 


es principle. 

of a substance. Density of water is ; i 

4 > Fo to float, its weight must 
TOU kgm be eq s than the upthrust of 
Pressure is the normal force acting the liquid it. 
per unit area. Its SI unit is Nm? or > The pro tter by virtue of 
pascal (Pa). which matter resists any force which 
Atmospheric pressure acts in all tries to change i , shape or 
directions. volume is called elasticit 
The instruments that measure > Stress is the defo acting 
atmospheric pressure are called per unit area. 
barometers. > The ratio of change of e 
The atmospheric pressure decreases original length is called tensile s 
as we go up. Thus, knowing the > The ratio between stress and tensi 
atmospheric pressure of a place, we strain is called Young's modulus. 
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QUESTIONS 
7.1 Encircle the correct answer F : ; 
4rom the given choices: Vil. According to Hooke's law 
i. Ingwhieh of the following state ay eiies K Siain = Constant 
molecules..do not leave their (b) stress / strain = constant 
ition? 
POSS (c) strain / stress = constant 
(a) solid (b) liquid 
(d) stress = strain 
(c) gas (d} plasma The following force-extension 
ii. Which of the, subStances is the graphs of a spring are drawn on 
lightest one? the same scale. Answer the 
(a) copper (brcu questions given below from (viii) 
to (x). 
(c) aluminum (d) lead y 5 
iii. SI unit of pressure ‘is pascal, 
which is equal to: 
Ke 5 (a) r (b) : 
(a) 10°Nm~ (b)1 Nm 
(C)10NM? (d)10°Nm? ‘ ‘ 
iv. What should be the approximate 
length of a glass tube to construct (c) r (d) F 
a water barometer? j l 
(a) 0.5 m (b) 1m vii, Which graph does not obey 
Hooke's law? 
(c)2.5m  (d)11m ” eel 
V. According to Archimedes, pa (b) (e). 40) 
upthrust is equal to: ix. Which*graph gives the smallest 
(a) weight of displaced liquid valugg&eprgg constant? 
(b) volume of displaced liquid (a) (b) c) (d) 
(c) mass of displaced liquid x. Which graph gives the largest 
value of spring constant? 
(d) none of these b À 
Cc 
vi. The density of a substance can be (a) 6) @ @ 
found with the help of: 7.2 How kinetic molecular model 
of matter is helpful in 
(a)Pascal's law differentiating various states 
b) Hooke's law of matter? 
7.3 Does there exist a fourth state 


( 
(c) Archimedes principle 
(d) Principle of floatation 


of matter? What is that? 
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hat is meant by density? place fall suddenly? 
tis its Sl unit? 7.14 What changes are expected in 


aia nag weather if the barometer 


7.5 


7.6 reading shows a sudden 
7.7 increase? 
7.15 State Pascal's law. 
7.8 7.16 Explain the working of hydraulic 
very difficult to ao 
lass bottle. p a P 

g 7.17 Whatis meant by elasticity? 

7.9 7.18 State Archimedes principle. 


7.19 What is upthrust? Explain the 


principle of floatation. 
7.20 Explain how a submarine 


moves up the water surface and 


down into water. 
7.21 Why does a piece of stone sink 
i 


7.10 Why water is 
usedinabaro 
7.11 


n water but a ship with a huge 
weight floats? 
What is Hooke's law? What is 
meant by elastic limit? 

7 ake a rubber band. Construct a 


alance of your own using a 
i bber band. Check its 

Suction cup to hang light objects accuracy by weighing various 
7.12 Why does the atmospheric 


ects. 
pressure vary with height? 
7.13 What does it mean when the A) 


atmospheric pressure at a 


7.14 A wooden block measuring 7.3 Calculate the e of the 


40 cm x 10 cm x 5 cm has amass following objects; 
850 g. Find the density of (i) An iron sphere of A 
wood. (425 kgm’) density of iron is 8200°K§m*. 


7.2 How much would be the volume 
of ice formed by freezing 1 litre of 
water? (1.09 litre) (ii) 200 g of lead shot having @ 


11300 kgm”. 
(1.77x10° 
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i) A gold bar of mass 0.2 kg. 2.55 gem” . Find the volume of 
he density of gold is the cavity. 
OOkgm®. (1.04x10°°m’) (5.cm’) 


nsity of air is 1.3 kgm”. 7.9 An object has weight 18 N in air. 
ass of air in a room Its weight is found to be 11.4 N 
when immersed in water. 
(208 kg) Calculate its density. Can you 
s her palm by her guess the material ofthe object? 
thumb with of 75 N. How (2727 kgm”, Aluminium) 


much wo e the pressure 71409 A solid block of wood of density 


under her thumb g contact 0.6 gcm® weighs 3.06 N in air. 
area 1.56? 3 Determine (a) volume of the block 

(5x40\Nm") (b) the volume of the block 
The head of a pin is a square of immersed when placed freely in a 
side 10 mm. Find the pressure on liquid of density 0.9 gem *? 


it due to a force of 20 N. 


(2x 0 ae 
A uniform rectangular block 


wood 20 cm x 7.5 cm x 7.5 cm and 


(510 cm’, 340 cm’) 


7.11 The diameter of the piston of a 
hydraulic press is 30 cm. How 
much force is required to lift a car 


of mass 1000g stands on weighing 20 000 N on its piston if 
horizontal surface with its longest the diameter of the piston of the 
edge vertical. Find (i) the pump is 3 cm? (200 N) 


pressure exerted by the block on ; teel wire of cross-sectional 
the ~ (ii) density of the 2x10® m? is stretched 
wood. 


(1778 Nm”, 889 kgm”) Find the Young's 
A cube of glass of 5 cm side and a wire: The lenga 


mass 306 g, has a cavity inside i i Se 
it. If the density of glass is (2x10 Nm”) 
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2 

rea(as quantity which 
determines the ecti of flow of thermal 
energy). 


define heat (as the energy transferred resulting 


from the temperature differe between two 
objects). 

list basic thermometric prope ora material to 
construct a thermometer. 


Conceptual linkage 
This unit is built on 
describe rise in temperature of a body i Temperature Scales 
an increase in its internal energy. Sci 


define the terms heat capacity and specific 
capacity. 


describe heat of fusion and heat of vaporization 
(as energy transfer without a change of 
temperature for change of state). 


describe experiments to determine heat of fusion PN 
and heat of vaporization of ice and water 


respectively by sketching temperature-time 
graph on heating ice. 


explain the process of evaporation and the 
difference between boiling and evaporation. 


explain that evaporation causes cooling. 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


s IX 168 Unit 8: Thermal Properties of Matter 


list the factors which influence surface 
evaporation. 

> describe qualitatively the thermal expansion of 
solids (linear and volumetric expansion). 

> explain thermal expansion of liquids (real and 
apparent expansion). 

> solve numerical problems based on the 

mathematical relations learntin this unit. 


INVESTIGATION SKILLS 


Fhe students will be able to: 
demonstrate that evaporation causes cooling. 


SCIENCE, TECHNOLOGY AND SOCIETY 
CONT TION 


pla that the bimetallic strip used in 
Sa is based on different rate of 
nsionof different metals on heating. 


some of the everyday 
consequences of thermal 


expansion. 
> describe the cooling caused by 
evaporation in relgeration process without 
using harmful CFC. 


We use heat not only ‘for cooking but also for 
doing other jobs. For example, changing heat to 


mechanical energy, electrical ce his can be 


done only if we have basic understan 
Heat is an important concept in Physics. 


phenomena requires a careful definition 
important terms as heat, temperature and i nal 


energy. In this unit, we shall discuss various concepts 
related to heat, temperature, measurements 


temperature and various thermal phenomena. 


Figure 8.1: Heat is needed for 
cooking. 
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TEMPERATURE AND HEAT 
Nhiên we touch a body, we feel it hot or cold. The 


Temperature.ofa body is the degree of hotness or 
coldness of the body. 


be at low temperature. Qur’sense of touch is a simple way 
to know how much hot or cold a body is. However, this 
temperature sense Í$, some What approximation and 
unreliable. Moreover, iti t always safe to touch a hot 
body. What we need is a reli and practicable method 
to determine the relative hotness or coldness of bodies. 
To understand the concept 
useful to understand the term 
thermal equilibrium. To store ice er, people 
wrap it with cloth or keep it in woodensbox or in thermos 
flask. In this way, they avoid the thermalrct 


l contact and 


temperature. Thus, temperature determines the direction 
of flow of heat. Heat flows from a hot body to a cold body 


until thermal equilibrium is reached. the temperature is 
23°C and closes when 


erature drops. 


What happens when we touch a hot body? Take | 
two bodies having different temperatures. Bring them in ` 
contact with each other. The temperature of the hot body 
falls. It looses energy. This energy enters the cold body at 
lower temperature. Cold body gains energy and its 
temperature rises. The transfer of energy continues till 
both the bodies have the same temperature. The form of 
energy that is transferred from a hot body to a cold body is 
called heat. Thus 


Heat is the energy that is transferred from one body 
to the other in thermal contact with each other as a 
result of the difference of temperature between 
them. 
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Heat is therefore, called as the energy in transit. Once 
heat enters a body, it becomes its internal energy and 
no longer exists as heat energy. 


What is internal energy of a body? 


The sum of kinetic energy and potential 
energy associated with the atoms, molecules 
and particles of a body is called its internal 
energy. 


Internal energy of a body depends on many factors 
such as the mass of the body, kinetic and potential 


Figure 8.3: A thermometer 
shows body temperature. 


e that is used to measure the temperature 


of a body i hermometer. Some substances have 
Mini Exercise property that c es with temperature. Substances that 
1. Which of the following | Show a change with temperature can be used as a 
substances have greater | thermometric erial “For example, some substances 
Seca ence expand on heati, je change their colours, some 
its molecules at iG? change their elec! stance, etc. Nearly all the 
(a) steel (b) copper sak 

substances expand o . Liquids also expand on 

(c) water (d) mercury . f : fj 
heating and are suitabl ermometric materials. 


. Every thermometer makes c th t 
use of some property of a ommon thermometers 


material that varies with | suitable liquid as thermometri 


temperature. Name the | liquid should have the following p 
property used in: 


lly made using some 
ial. Athermometric 


(a) strip thermometers e 


(b) mercury thermometers 


expansion. 


e |t should have a low freezi 


e It should be a good conductor of 


e It should have a high boili 


e It should not wet glass. 


e |t should have a small specific heat 
capacity. 
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-GLASS THERMOMETER 
iguid-in-glass thermometer has a bulb with a 
be of uniform and fine bore such as shown 


lass stem of a thermometer is thick 
and acts as a c ical lens. This makes it easy to see 


Mercury freezes at-39 °C an 
has all the thermometric properties listed a . Thus 
mercury is one of the most suitable 
material. Mercury-in-glass thermometers are 


ide U ad 
in laboratories, clinics and houses to 
temperatures in the range from -10 °C to 150°C. 
LOWER AND UPPER FIXED POINTS 


A thermometer has a scale on its stem. This scale 
has two fixed points. The lower fixed point is marked to 
show the position of liquid in the thermometer when it is 
placed in ice. Similarly, upper fixed point is marked to 
show the position of liquid in the thermometer when it is 


b O 
placed in steam at standard pressure above boiling water. 
SCALES OF TEMPERATURE O 

A scale is marked on the thermometer. The 4 


temperature of the body in contact with the thermometer 
can be read on that scale. Three scales of temperature 


are in common use. These are: O 
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© ; s : 
(i) Celsius scale or centigrade scale 


NA l Med il: (ii) Fahrenheit scale 
(iii) Kelvin scale 
On Celsius scale, the interval between lower 
and upper fixed points is divided into 100 equal parts as 
shown in figure 8.5(a). The lower fixed pointis marked as 
0°C and the upper fixed pointis marked as 100 °C. 


On Fahrenheit scale, the interval between lower 
and upper fixed points is divided into 180 equal parts. Its 
ower fixed point is marked as 32 °F and upper fixed point 
ismarked as 212 °F (Figure 8.5-b). 

In SI units, the unit of temperature is kelvin (K) 

d its.scale is called Kelvin scale of temperature as 
in figure 8.5 (c). The interval between the lower 


Kelvin Scalg Ņ 


Celsius Scale 
Fahrenheit Scale 


andiu xed points is divided into 100 equal parts. 
Thus e in 1°C is equal to a change of 1K. The 
lower fix on this scale corresponds to 273 K 
and the upp ed point is referred as 373 K. The 
zero on this scale i lled the absolute zero and is equal 
to-273°C. 
| CONVERSION RATURE FROM ONE 
SCALE INTO OT RATURE SCALE 
(b) (c) 
Figure 8.5: Various scales of From Celsius to Kelvin 
temperature. 
The temperature tp scale can be 
Do You Know? obtained by adding 273 in the t ture C on Celsius 
Sun’s core 15 000 000°C | scale. Thus 
Sun’s 6000 °C T(K) =273+C = (8.1) 
surface o 
EXAMPLE 8.1 


Electric lamp 2500°C 
Gas lamp 1580°C What will be the temperature vinscale of 
Boiling water 100°C temperature when itis 20 °C on Celsius sc se? ) 
Human body 37°C 


i SOLUTION 4 
Freezing o 
water One C =20°C 
Ice in freezer -18°C as T =273+C 


Liquid o 
oxygen LE T= 273 +20 =293K 
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LVIN TO CELSIUS SCALE 


temperature on Celsius scale can be found 
by subtracti 73 from the temperature in Kelvin Scale. 


= T(K) -273 ve ve (8.2) 


EXAMPLE 
Chang 


DO YOU KNOW? 


n Kelvin scale into Celsius scale Adine 


of temperature. thermometer is 
o used to measure 
SOLUTION the temperature of 
human body. It has 
T =3 a narrow range 


from 35 °C to 42 °C. 


Since C = T(K) = It has a constriction 
C = (300 7 that prevents the 
mercury to return. 
or C =27°C Thus, its reading 
does not change 
FROM CELSIUS TO FAHRENHEI AE iesst 
Since 100 divisions on Celsius £ 


180 divisions on Fahrenheit scale. The 


F= 1.8C + 32 


Here F is the temperature on Fahrenheit Sm 


and Cis the temperature on Celsius scale. 


EXAMPLE 8.3 


Convert 50°C on Celsius scale into Fahrenheit 
temperature scale. 


SOLUTION 


o 
C = 50°C 
Since F = (1.8 x C + 32) : 


F = (1.8 x 50 + 32) 
or F = 122°F 


Thus, 50 °C on Celsius scale is 122 °F on Fahrenheit 
scale. 
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Alcohol 2500.0 
Aluminium 903.0 
Bricks 900.0 
Carbon 121.0 
Clay 920.0 
Copper 387.0 
Ether 2010.0 
Glass 840.0 
Gold 128.0 
Granite 790.0 
Ice 2100.0 
lron 470.0 
Lead 128.0 
Mercury 138.6 
Sand 835.0 
Silver 235.0 
Soil (dry) 810.0 
Steam 2016.0 
Tungsten 134.8 
Turpentine 1760.3 
Water 4200.0 
Zinc 385.0 
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FROM FAHRENHEIT TO CELSIUS SCALE 
From equation 8.3, we can find the temperature on 
Celsius scale from Fahrenheit Scale. 


EXAMPLE 8.4 


Convert 100 °F into the temperature on Celsius 


scale. 
SOLUTION 
F = 100 °F 
Since 1.8C=F-32 
ee = 100-32 
à or 1.8 C = 68 
Or C = 68/1.8 
sor C = 37.8°C 


_Thusw100°F is equal to 37.8°C. 


8.3 SPECIFIC HEAT CAPACITY 

Generally, when a body is heated, its temperature 
increases. .Jnerease in the temperature of a body is 
found to be proportional to the amount of heat 
absorbed by it, It, has also been observed that 
the quantity of heat’A Q required to raise the temperature 
AT of a body is proportional to the mass m of the body. 
Thus 

AQ ea miT 


or AQ = c MATY ... eo (8-4) 
Here AQ is the amountof,heat absorbed by the 


body and c is the constantyof proportionality called the 
specific heat capacity or simply specific heat. 


The specific heat of a substance is defined as 


Specific heat of a substance is t ount of 
heat required to raise the temperature of 1 kg 
mass of that substance through 


Mathematically, 


m AT : 


In SI units, mass m is measured in kilogramme (kg), 
heat AQ is measured in joule (J) and temperature... 
increase AT is taken in kelvin (K). Hence, SI unit of 
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erature variations from 
ller at places near the 


Fan to cool 
radiator 


Thermostat 


reason, it is very useful in sto andpcarrying thermal 3 

energy due to its high specific heat ity. The cooling = 

system of automobiles uses wa carry away 

unwanted thermal energy. In a , large 

amount of heat is produced by its engine d hich its 

temperature goes on increasing. Th in® would “esse ees 
cease unless it is not cooled down. Wa ating Figure 8.6: A Cooling system 


; : in automobile. 
around the engine as shown by arrows i 


maintains its temperature. Water absorbs 
thermal energy of the engine and dissipates hea 
its radiator. 

Water gives out 
In central heating systems such as shown i Se 
figure 8.7, hot water is used to carry thermal energy 
through pipes from boiler to radiators. These radiators 


are fixed inside the house at suitable places. 


es 
Radiator 


EXAMPLE 8.5 


A container has 2.5 litres of water at 20°C. How 
much heatis required to boil the water? 


SOLUTION 
Volume of water = 2.5 litres 
Mass of water m = 2.5kg 


(since density of water is 1000 kgm? or 1kgL”) © 
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Specific heat of water c = 4200 Jkg' K” 
Initial temperature t = 20°C 
Final temperature b = 100°C 
Temperature Increase AT= t-t 
= 100°C - 20°C 
= 80°C or 80 K 
Since Q =cmAT 


‘ s. Q =4200 Jkg 'K 'x2.5 kgx80 K 
or Q = 840000 J 


DO YOU KNOW? 


The presence of 
large water reservoirs such 
as lakes and seas keep the 
climates of nearby land 
moderate due to the large 
heat capacity of these 
reservoirs. 


us}required amount of heat is 840 000 J or 840 kJ. 


AT GAPACITY 


much heat a body can absorb depends on 
Here we define a quantity called heat 


Thus, if the tem of a body increases through 
AT on adding AQ"amOunt of heat, then its heat 


AQ 
capacity will be —— 
PERAN AT 


Putting the value of AQ, nA) 


; AQ 
Heat capacity = —— ‘= 
oes AT 


- Heat capacity= me ... ©. 


Equation (8.6) shows that heat ear C 
is equal to the product of its mass of the 


specific heat capacity. For example, heat capa 


temperature. Thus, larger is the quantity of a substanc 
larger will be its heat capacity. 
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GE OF STATE 
r can be changed from one state to another. 


Thermal energy is taken in 


(2 boiling 
freezing A condensation 
r P liqui 


Thermal energy is given out Thermal energy is given out 
Figure 8.8: Heat energy brings about cha of state in matter 


ACTIVITY 8.1 


gas 


the beaker to measure the temperature of ice. Wie 
D & steam 


Now place a burner under the beake 
start melting. The temperature of the mixture 
ice and water will not increase above 0°C until 


Time —> 
above 0 °C as shown by the graph in figure. 8.9. 


8.9: A h of 
Part AB: On this portion of the curve, the temperature of BE nd PE a UNa 
an 
n : 


ice increases from -30 °C to 0 °C. ch state of ice into water 
Part BC: When the temperature of ice reaches 0 °C, the a 
ice water mixture remains at this temperature until all the $ 

ice melts. 

Part CD: The temperature of the substance gradually ( 

increases from 0 °C to 100 °C. The amount of energy so O 
added is used up in increasing the temperature of water. 

Part DE: At 100 °C water begins to boil and changes into A 
steam. The temperature remains 100 °C till all the water 

changes into steam. 
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8.5 LATENT HEAT OF FUSION 

When a substance is changed from solid to liquid 
state by adding heat, the process is called melting or 
fusion. The temperature at which a solid starts melting is 
called its fusion point or melting point. When the 
process is reversed i.e. when a liquid is cooled, it 
changes into solid state. The temperature at which a 
substance changes from liquid to solid state is called its 
freezing point. Different substances have different 
melting points. However, the freezing point of a 
ubstance is the same as its melting point. 


at energy required to change unit mass of a 
stance from solid to liquid state at its melting 
nt without change in its temperature is called 
t heat of fusion. 


It is denoted by H, 
AQ, 
m 


Figure 8.10: Heating ice 


H; = 


fusion of ice is/3 Jkg”. That is; 3.36x10° joule 
heat is required 
EXPERIMENT 8: 
Take a beaker. e it over a stand. Put small 
pieces of ice in the beake pend a thermometer in 
the beaker to measure ture. Place a burner 
under the beaker. The «ce 
temperature of the mixture containing ice and water will 
not increase above 0°C until 


time which the ice takes to melt completely into water at 
OC. 


kg of ice into water at 0 °C. 


Its temperature will begin to increase: 
which the water in the beaker takes to r iling 
point at 100°C from 0°C. 


Draw a temperature-time graph such as 
figure 8.11. Calculate the latent heat of fusion of ice from 
the data as follows: 


Let massofice = m 
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=t =b-t, = 3.6 min. 
=f, =f3-tb = 4.6 min. 


= 4200 Jkg K” 


Increase in the : 
temperature of wai =AT=100 C =100K 


Heat required by w 


from 0°C to 100°C Us =m ae l 


00 Jkg K x100 K 
20 000 kg 


Figure 8.11: Temperature-time 
graph as ice changes into water 
05 AM that boils as heating continues. 


Heat A Q is supplied to et, to raise 


its temperature from 0°C to towatrin , the of 
absorbing heat by water in the beaken is 


Rate of absorbing heat = ag 4 
o 
.. Heat absorbed in time tf =4 Q; = zox t; 2 
fe) 
ue 
Since AQ; = mxH; no eq. 8 


Putting the values, we get 
mx H; =mx4.2x10° Jkg "x <- f- 

or H; = 4.2x10° Jkg ‘x A 

The values of t, and t, can be found from the 

graph. Put the values in the above equation to get O 
maasai iki s 
4.6 min. 
= 3.29x10° Jkg | 
The latent heat of fusion of ice found by the 


above experiment is 3.29x10° Jkg’ while its actual 
value is 3.36x10° Jkg”. 
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8.6 LATENT HEAT OF VAPORIZATION 

When heat is given to a liquid at its boiling point, 
its temperature remains constant. The heat energy given 
to a liquid at its boiling point is used up in changing its 
state from liquid to gas without any increase in its 
temperature. Thus 


The quantity of heat that changes unit mass of a 
liquid completely into gas at its boiling point 


without any change in its temperature is called its 
latent heat of vaporization. 


It is denoted by H, 


. „ - AQ 
"AN bene 


or AQ, =mĦH; 20s. thé ads aa aan (8.8) 


2.26 x10° J kg”. That is; one kilogramme 
ires 2.26x10° joule heat to change it 
(steam) atits boiling point. The value 
iling point, latent heat of fusion 
e of the substances is given in 


of melting 
and vaporizati 
Table 8.2. 


Aluminium 
Copper 4810 
Gold 1580 
Helium 5 21 
Lead 2 858 
Mercury -39 357 11 270 
Nitrogen -210 -196 25; 0 
Oxygen 219 -183 13.8 0 
Water 0 100 336.0 


EXPERIMENT 8.2 
At the end of experiment 8.1, the aker 


contains boiling water. Continue heating water till all the 
water changes into steam. Note the time which > 
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Extend the temperature-time graph such as shown in 


figure 8.12. Calculate the laten ion of ice from 
the data as follows: 
Let Mass ofice = m 


Time t0 taken to heat water =f =&-bt 6 min. 
from 0°C to 100°C (melt) 


Time taken by water at 100°C 
to change it into steam = =t-t = ee 


Specific heat of water c = 4200 Jkg 'K | 

Increase in the temperature 

of water = AT =100C =100K 

Heat required to heat A) 
water from 0°C to 100°C = AQ=mcAT 


= mx4200 Jkg ‘K 'x100 K 
= mx420 000 Jkg' 
= mx4.2x10° Jkg | + 
As burner supplies heat A Q to water in time t, to raise its O 


temperature from 0°C to 100°C. Hence, the rate atwhich 
heatis absorbed by the beaker is given by 
_ AQ 


Rate of absorbing heat r 
o 


AQxt, 


.. Heat absorbed in time t, =AQ, = 7 ©) 
oO 
=A Qx- 
to 


© WWW.SEDINFO.NET © 


© WWW.STUDYNOWPK.COM © 


s IX 182 Unit 8: Thermal Properties of Matter 


Since AQ, =mxH, (from eq.8.8) 
Putting the values, we get 


m xH, = mx 4.2x10° Jkg x 
oO 


or H, = 4.2x10° Jkg” x- 
o 
Putting the values of t, and t, from the graph, we get 
© Hy, saasta dkg g 22a min 
4.6 min. 


= 2.23 x10° Jkg | 


The latent heat of vaporization of water found by 
above experiment is 2.23x10° Jkg’ while its actual 


anging of a liquid into 
from the surface of the 
t. 


vapours (gase 
liquid without hea 


Figure 8.13: Evaporation is escaping 
out of fast moving water molecules 


A surface. Ofa liquid “without Unlike boiling, evaporation takes place at all 
l temperatures but only fr rface of a liquid. The 
process of boiling take at a certain fixed 


temperature which is the boiling t of that liquid. At 
boiling point, a liquid is changi pours not only 
from the surface but also within the liquid. These vapours 
come out of the boiling liquidas“ bubbles which 


Mini Exercise breakdown on reaching the surface. 
1. How specific heat differs Evaporation plays an important re Ein d r daily 
irom heet capaci? life. Wet clothes dry up rapidly when spread poration 


2. Give two uses of cooling 


; causes cooling. Why? During evaporation f 
effect by evaporation. 


molecules escape out from the surface 
liquid. Molecules that have lower kinetic 


are left behind. This lowers the average kinetic energy. 
the liquid molecules and the temperature of 


3. How evaporation differs 
from vaporization? 
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ince temperature of a substance depends on the 
<inetic energy of its molecules. Evaporation of 
elps to cool our bodies. 


ation takes place at all temperature from the COOLING IN 
REFRIGERATORS 


dry up more quickly in summer Expansion 


velocities. Thus, more 
. Thus, evaporation is 
temperature. 


Condenser —t 


faster at high temperature tha 


SU RFACE AREA Low-pressure + 


gas 


Why water evaporates fast hen spread over 


large area? Larger is the surface area of aliquid, greater 
e g ii from its 


number of molecules has the cha 
surface. 


Cooling is produced in 
refrigerators by evaporation of a 
WIND liquified gas. This produces 
cooling effect. Freon, a CFC, 
was used as a refrigerant gas. 
away the liquid molecules that have just escaped ee S | But its use has been forbidden 


Wind blowing over the surface of a liquidsSweeps 


aal when it was known that CFC is 
the cause of ozone depletion in 

ae upper atmosphere which 

| results increase in amount of UV 


NATURE OF THE LIQUID "AA 
_ to all living matter. 
Does spirit and water evaporate at the same rate? jas is now replaced by 
Liquids differ in the rate at which they evaporate. Spread a i 
few drops of ether or spirit on your palm. You feel cold, 
why? 


8.8 THERMAL EXPANSION 


Most of the substances solids, liquids and gases 
expand on heating and contract on cooling. Their thermal 
expansions and contractions are usually small and are 
not noticeable. However, these expansions and 
contractions are important in our daily life. 


increases the chance for more liquid molecules te 
out. 


The kinetic energy of the molecules of an object 
depends on its temperature. The molecules of a solid 
vibrate with larger amplitude at high temperature than 
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at low temperature. Thus, on heating, the amplitude of 
vibration of the atoms or molecules of an object 
increases. They push one another farther away as the 
amplitude of vibration increases. Thermal expansion 
results an increase in length, breadth and thickness of a 
substance. 


LINEAR THERMAL EXPANSION IN SOLIDS 


It has been observed that solids expand on 
heating and their expansion is nearly uniform over a wide 
range of temperature. Consider a metal rod of length L, at 
certain temperature 7,. Let its length on heating to a 
mperature Tbecomes L Thus 
crease in length of the rod = AL= L- Lo 
crease in temperature = AT=T-T, 


is found that change in length AL of a solid is 


(b) 
Figure 8.14: Molecules of an object directly proportional to its original length L,, and the 
moving with (a) smaller amplitude at 
low temperature (b) larger amplitude 
at high temperature. 


iperature AT. Thatis; 


=AL œL AT 


Aluminium 


Brass 


Copper 


Glass(ordinary) 


(8.11) 


of linear 
expansion a of a substance as the fractional.increase in 


solids. 


12x107 EXAMPLE 8.6 


A brass rod is 1 m long at 0°C. Find its length at 30° 
(Coefficient of linear expansion of brass =1.9x10°K" 


Concrete 
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a =19~x A 
since L=L(1+a 


L = 1.00057 m 


Hence, the length of the bra 
1.00057 m. 


VOLUME THERMAL EXPANSION 


change in temperature and is called volume 
expansion or cubical thermal expansion. Co 


becomes V, then 
Change in the volume of a solid AV =V-V, 
and Change in temperature AT =T-T, 


Like linear expansion, the change in volume AVis ere 
found to be proportional to its original volume V, and 


change in temperature AT. Thus 


AV œ V, AT Glycerine 
or AV = BVoAT one vee vee vee (8.12) | Mercun 
Water 
V-V, = BV, AT Air 
V = VV +BATD ... we wo. (8.13) Carbon dioxide 


Hydrogen 


where ß is the temperature coefficient of 
volume expansion. Using equation 8.12, we get 
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AV 
B= TAT .. (8.14) 


Thus, we can define the temperature coefficient 
of volume expansion ß as the fractional change in its 
volume per kelvin change in temperature. The 
coefficients of linear expansion and volume expansion 
are related by the equation: 


p=3«a ide wae. ane aa ane (8.15) 
Values of B for different substances are given in 

@ able 8.4. 
SX MPLE 8.7 
ex Find the volume of a brass cube at 100°C whose 


is 10 cm at 0°C. (coefficient of linear thermal 
aof brass = 1.9x 10°K1 ). 


J = 0.1m 
= (0 + 273) K 
= (100 + 273) K 


273 K 
373 K 


— 273K =100K 


as =3a 


Therefore =3x1.9~x1 


=5.7x10° 


initial volume V, = L = (0.1 


= 0.001 m? = 10% m? 
Since V =V. (1+ BAT) 
Hence V =10°m?x(1 +5.7x10° 0K 
or V =10°m?x (14+5.7x10-) 


= 10° m? x (1 + 0.0057) 
= 1.0057 x 10° m? 
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aps are left in railway tracks? The 
s may damage the bridges, railway 
they are constantly subjected to 
s. So provision is made during = . 
nsion and contraction with Figure 8.15: Gaps are left in railway 


. tracks to compensate thermal 
, railway tracks buckled on a expansion during hotseason. 


construction f 
temperature. F 
hot summer day 
between sections. 


Bridges made ers also expand during 
the day and contract d They will bend if their 
ends are fixed. To allow thermal expansion, one end is 


the gap left for expansion. Overhea nsmission lines 
are also given a certain amou that they can Figure 8.16: Bridges with rollers 
contract in winter without snappin below one of their ends allow 


movements due to expansion and 
APPLICATIONS OF THERMAL EX 


contraction. 


cap expands and becomes loose. It would now b 
turn itto open. 


To join steel plates tightly together, red hot r 
are forced through holes in the plates as shown in figur 
8.18 (a). The end of hot rivet is then hammered. On 
cooling, the rivets contract and bring the plates tightly 
gripped. 


8.17: Wires on electric poles 
some sag to prevent 
winter. 


Iron rims are fixed on wooden wheels of carts. 
Iron rims are heated. Thermal expansion allows them to 
slip over the wooden wheel. Water is poured on it to cool. 
The rim contracts and becomes tight over the wheel. 


BIMETAL STRIP 
Figure 8.18 (a) Hot ri d (b) 


A bimetal strip consists of two thin strips of afterhammering, rivets.are cold down. 
different metals such as brass and iron joined together as 
shown in figure 8.19(a). On heating the strip, brass 
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Current 

from 

supply 
=p 


Control knob 


Contacts 


Figure 8.20: Bimetal thermostat 
breaks the electrical circuit at preset 
temperature. 


DO YOU KNOW? 

Water on cooling 
below 4°C begins to expand 
until it reaches 0°C. On further 
cooling its volume increases 
suddenly as it changes into ice 
at 0°C. When ice is cooled 
below 0°C, it contracts i.e. its 
volume decreases like solids. 
This unusual expansion of 
water is called the anomalous 


expansion of water. 
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expands more than iron. This unequal expansion causes 
bending of the strip as shown in figure 8. 19(b). 


Iron 


Bimetal strip: cold 


Base expands most 


e 8. z (a) A bimetal strip of brass and iron (b) Bending of brass- 
| strip on heating due to the difference in their thermal 


| strips are used for various purposes. 
rmometers are used to measure 


temperatu cially in furnaces and ovens. Bimetal 
strips are also d in thermostats. Bimetal thermostat 
switch such own.in figure 8.20 is used to control the 


_ The molecu 
n heating a liquid, the 
average amplitude of vibr its molecules increases. 
The molecules push ea 
occupy. This accounts forthe 
when heated. The thermal expan 
than solids due to the we 
molecules. Therefore, the c 
expansion of liquids is greater tha 


n liquids is greater 
between their 


Liquids have no definite shap 


liquid always attains shape of the conta ich it is 
poured. Therefore, when a liquid is hee liquid 
and the container undergo a change i me. 
Thus, there are two types of thermal volume sion 


for liquid. 
e Apparent volume expansion 


e Real volume expansion 
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long-necked flask. Fill it with some 
upto the mark A on its neck as shown in 
tart heating the flask from bottom. The 


reaches the flask which expands 
. As a result liquid descends in 
the flask and its 
begins to rise a on getting hot. At certain 
temperature it reaches at C. The rise in level from A to C is 
due to the apparent expansion in the volume of the liquid. 
reater than that due to 
the expansion because 
flask. Thus real expansio 
volume difference between A 
volume expansion of the flask. Henc 


C in addition to the 


Real expansion _ Apparent xpansion of 
of the liquid = ee e flask 
the liquid 


or BC = AC + AB 
The expansion of the volume of ali 


i’ 


igure 8.21: Real and apparent 
expansion of liquid. 


rise in its temperature. The real rate of volume expansi 
B, is always greater than the apparent rate of volu 
expansion ß, by an amount equal to the rate of volume 
expansion of the container B,. Thus 


Bb = Bat By aa (8.17) 


It should be noted that different liquids have 
different coefficients of volume expansion. 


É> 
© 
Lo 
© 
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mperature of a body is the 


The lower fixed point is the mark that 
gives the p on of mercury in the 
thermometer when i cedin ice. 


The upper fixed point is theìmark that 
shows the position of in the 
thermometer when it is d in 
steam from boiling waterat standard 
pressure. 


Inter-conversion between sc 


e From Celsius To Kelvin Sc 
T(K)=273 +C 


e From Kelvin to Celsius Scale: 
C = T (K)-273 


e From Celsius to Fahrenheit 
Scale: 


F= 1.8 C + 32 


Heat is a form of energy and this 
energy is called heat as long as itis in 
the process of transfer from one body 
to another body. When a body is 
heated, the kinetic energy of its 
molecules increases, the average 
distances between the molecules 
increase. 


The specific heat of a substance is 
defined as the amount of heat 
required to raise the temperature of a 
unit mass of that substance through 
one degree centigrade (1°C) or one 
kelvin (1K). 
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> The heat required by unit mass of 
a substance at its melting point to 
change it from solid state to liquid 
state is called the latent heat of 
fusion. 


> The quantity of heat required by 
the unit mass of a liquid at a 
certain constant temperature to 
change its state completely from 
liquid into gas is called the latent 
heat of vaporization. 

> It has been observed that solids 
expand on heating and their 
expansion is nearly uniform overa 
wide range of temperature. 
Mathematically, 


L=L,(1 +07) 


The thermal coefficient of linear 
expansion a of a substance is 

efined as the fractional increase 
its length per kelvin rise in 
erature. 


me of a solid changes 

he change in temperature 
an i) d as volume or cubical 
expansio 


kelvin change in riper 


> There are two types o 
volume expansion f 
well as for gases. nt 
volume expansion a 
volume expansion. 
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QUESTIONS 


8.1 


Vi. 


Encircle the correct answer 
fromthe given choices. 

Water freezes at 

(a) O°F (6) 32 °F 

(c) -273Keee(d) 0 K 

Normal humansbody 
temperature is 


(a) 15°C (137°C 
(c)37°F  (d)98.6°@ 


Mercury is used as thermometric 
material because it has 


uniform thermal expansion 
low freezing point 

small heat capacity 

all the above properties 


Which of the following material 
has large specific heat? 


(b) ice 
(d) mercury 


(a) copper 
(c) water 


Which of the following material 
has large value of temperature 
coefficient of linear expansion? 


(b) gold 
(d) steel 


What will be the value of p for a 
solid for which a has a value of 
2x10°K'? 


(a) aluminum 


(c) brass 


(a) 2x10°K" 
(b)  6x10°K" 
(c) 8x10" K" 
(d)  8x10° K" 


Vil. 


viii. 


8.2 


8.3 


8.4 


oud 


8.6 


8.7 


8.8 


8.9 


8.10 


Unit 8: Thermal Properties of Matter 


A large water reservoir keeps 
the temperature of nearby 
land moderate due to 
(a) low temperature of water 
(b) low specific heat of water 
(c) less absorption of heat 
(d) large specific heat of 
water 
Which of the following affects 
evaporation? 
(a) temperature 
(b) surface area of the liquid 
(c) wind 
(d) all of the above 
Why does heat flow from hot 
body to cold body? 


Define the terms heat and 
temperature. 


What is meant by internal 
energy of a body? 


How does heating affect the 
motion of molecules of a 
gas?. 


Whatis athermometer? Why 
mercury .is preferred as a 
thermometric.substance? 


Explain the volumetric 
thermal expansion. 


Define specific heat-How 
would you find the specific 
heat of a solid? = 


Define and explain’ Jatent 
heat of fusion. 


Define latent heat of 
vaporization. 
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8.2 


8.3 


8.4 


8.5 


8.6 
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hat is meant by evaporation? 
hat factors the evaporation 


Unit 8: Thermal Properties of Matter 


how cooling is produced by 
evaporation. 


of water in a beaker 8.7 How much ice will melt by 
is its value in 50000 J of heat? Latent heat of 
fusion of ice = 336000 J kg". 
(122 °F) (150 g) 
Normal humaft body temperature 8.8 Find the quantity of heat needed 
is 98.6°F. Conv into Celsius : aan 
to melt 100g of ice at -10 °C into 
scale and Kelvin scale. i 
(37°C K) water at 10 °C. (39900 J) 
Calculate the increa in (Note: Specific heat of ice is 
length of an aluminum 2100 Jkg'K", specific heat 
long when heated from Cis) of water is 4200 Jkg'k’, 
20°C. If the thermal coefficient Latent heat of fusion of ice is 
-1 
linear expansion of aluminium i 336000 Jkg ). 
2.5x10°K". (0.1cm) .9. How much heat is required to 
A balloon contains 1.2 m° air at change 100 g of water at 100°C 
15 °C. Find its volume at 40 °C. to Sica: (Latent neat 
Thermal coefficient of volume A a - a 
expansion of air is 3.67x10 °K”. i go 26x10) 
(1.3 m°) 8.10 Fi temperature of water 
How much heat is required to Fat 5 g of steam at 
increase the temperature of 0.5 kg 10 j h 500 g of paa at 
ofwater from 10 °C to 65°C? 10°C. (16.2°C) 
(115500 J) (Note: Specific heat of water 
An electric heater supplies heat at is 420 o ie atent heat 
the rate of 1000 joule per second. of er Hen water is 
How much time is required to raise 2.26 x10° Jkg 
the temperature of 200 g of water 
from 20 °C to 90 °C? (58.8 s) 


© 
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After studying thi 
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Unit 9 


Aransfer of Heat 


unit, the students will be able to: 
recall that th 


erma rgy is transferred from a 
region of higher temperature to a region of lower 
temperature. 


describe in terms molecules and electrons , 
how heat transfer occu 


state the factors affec e transfer of heat 
through solid conductors afd hen e, define the 


term Thermal Conductivity. 


solve problems based on therm tivity of 


solid conductors. 


write examples of good and bad co 
heat and describe their uses. 


explain the convection currents in fluid 
difference in density. 


convection in everyday life. 


explain that insulation reduces energy transfer by 
conduction. 


describe the process of radiation from all objects. 


explain that energy transfer of a body by radiation 
does not require a material medium and rate of 
energy transfer is affected by: 


e colour and texture of the surface 
e surface temperature 


e surface area 
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INVESTIGATION SKILLS 


The students will be able to: 


> describe convection in water heating by putting 
a few pinky crystals in a round bottom flask. 

> explain that water is a poor conductor of heat. 

> investigate the absorption of radiation by a 
black surface and silvery surfaces using Leslie 
cube. 


> investigate the emission of radiation by a black 
surface and silvery surfaces using Leslie cube. 


SCIENCE, TECHNOLOGY AND SOCIETY 
CONNECTION 


The students will be able to: 


ion, vacuum flask and household hot- 
tem as a consequence of heat 
n Processes. 

> expl vection in seawater to support marine 


> describe fe role of land breeze and sea breeze 
for moderate coastal climate. 
ection in space heating. 
> identify and me of the everyday 
applications and nces of heat transfer 
by conduction, conv d radiation. 
> explain how the birds ar e to fly for hours 
without flapping their wi 
rise by riding on thermal currents which are 
streams of hot air rising in thes 
> explain the consequence of heat radiation in 
greenhouse effect and its eff 
warming. 

Heat is an important form of 
necessary for our survival. We need it to co 
and to maintain our body temperature. Heat 
needed in various industrial processes. How to 
ourselves from high as well as low temperature, nee 
knowledge of how heat travels. In this unit, we will st 
various ways of heat transfer. 
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Conduction 


Thermal energy from a hot body flows to 
the form of heat. This is called as sfer 
Transfer of heat is a natural process. It conti all the 


wo bodies at different 
s tl ie other. 


different temperature. There are three wa 
transfer of heat takes place. These are: 


e conduction econvection eradiation 


UICK QUIZ 
hink of objects around us getting heat or giving o 
eat. 


Heat energy flow 
————_ Cold 


9.2 CONDUCTION 


The handle of metal spoon held in hot water soon 
gets warm. But in case of a wooden spoon, the handle 
does not get warm. Both the materials behave differently 
regarding the transfer of heat. Both metals and 
non-metals conduct heat. Metal are generally better 
conductors than non-metals. 


In solids, atoms and molecules are packed Figure 9.2: 
close together as shown in figure 9.2. They continue transferred from one pa 
to vibrate about their mean position. What happens Parts from atoms to KO 


, molecules to molecules due 
when one of its ends is heated? The atoms or molecules collisions. 
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at © o o re) a, z9; 
© y blo oo” a 
@ 1 O68 P @ ‘io o” O7 
o> ‘free electra So eee ion 
(a) 
Hol Cold 
T A R @ 6 fife 
© (faye owo orc p 
2 Ke ei © OR 
(b) 


Figure 9.3: Conduction of heat 
in metals. 


DO YOU KNOW? 


Why Styrofoam boxes are 
used to keep food hot or ice 
cream cold for a long time? 
Styrofoam is a bad conductor of 
heat. It does not allow heat to 
leave or enter the box easily. 


temperature 


Figure 9.4: Rate at which heat 
conducts through different solids 
depends upon various factors. 


present at that end begin to vibrate more rapidly. They 
also collide with their neighbouring atoms or molecules. 
In doing so, they pass some of their energy to 
neighbouring atoms or molecules during collisions with 
them with the increase in their vibrations. These atoms or 
molecules in turn pass on a part of the energy to their 
neighbouring particles. In this way some heat reaches 
the other parts of the solids. This is a slow process and 
very small transfer of heat takes place from hot to cold 
parts in solids. 


How does then heat flow from hot to cold parts in 
metals so rapidly than non-metals? Metals have free 
electrons as shown in figure 9.3. These free electrons 
move.with very high velocities within the metal objects. 
They carry energy ata very fast rate from hot to cold parts 
of the object as they move. Thus, heat reaches the cold 
parts ofthe metal objects from its hot part much more 
quickly than non-metals. 


The ransfer of heat by vibrating atoms and 
free elec solids from hot to cold parts of a 
body is calle duction of heat. 


All metals sare good conductors of heat. The 
substances through which heat does not conduct easily 
are called bad conductors or insulators. Wood, cork, 
cotton, wool, glassjerubber, etc. are bad conductors or 
insulators. 


THERMAL CONDUCTIW1ip¢ 


Conduction of heat.occurs at different rates in 
different materials. In metals, heat flows rapidly as 
compared to insulators such as wood’orrubber. Consider 
a solid block as shown in figure 9.4. One of its two 
opposite faces each of cross-sectional areavA is heated to 
a temperature T,. Heat Q flows along its length L to 
opposite face at temperature T, in tseconds. 


v" 
The amount of heat that flows in unit fime is catiea 
the rate of flow of heat. 


Thus Rate of flow of heat = — a (9.1) 


It is observed that the rate at which heat flows 
through a solid object depends upon various factors. 
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rger cross-sectional area A of a solid contains 
of molecules and free electrons on each 
o its cross-sectional area and hence 
ne rate of flow of heat through the solid. 


etween the hot and cold 
ends of the solid, mofè time it will take to conduct heat to 
the colder end and smaller wi the rate of flow of heat. 
Thus 


Rate of flow of heat Q bė } 


TEMPERATURE DIFFEREN N ENDS 
Greater is the temperatu' ence T, - T, 
between hot and cold faces of the $ ater will be 


the rate of flow of heat. Thus 
Rate of flow of heat a œ (T;-T2) 


Combining the above factors, we ge 


a _ A(T-T) 
t L 


Rate of flow of heat a = KA (T,-T) 


Here k is the proportionality constant called 
thermal conductivity of the solid. Its value depends on 
the nature of the substance and is different for different 
materials. From equation (9.2), we find k as: 

Q 


k = F” A -Ta (9.3) 
Thus, thermal conductivity of a substance can 
be defined as: ESIE TE p 


The rate of flow of heat across the opposite faces 
of a metre cube of a substance maintained at a 
temperature difference of one kelvin is called the 
thermal conductivity of that substance. 


Rubber 
Water 


Thermal conductivities of some substances are 
given in the table. 
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(Sàn OUR INFORMATION 


boiling after getting heat from th 
burner without melting ice. 


Sauce-pans are made of metal 
for quick heat transfer. 


Figure 9.5: Soft insulation board 
between external brick wall of a 
house. 


198 Unit 9: Transfer of Heat 
USE OF CONDUCTORS AND NON-CONDUCTORS 

In houses, good thermal insulation means 
lower consumption of fuel. For this, following 
measures may be taken to save energy. 


e Hot water tanks are insulated by plastic or foam 
lagging. 
e Wallcavities are filled with plastic foam or wool. 


e Ceiling of rooms is covered by insulating 
materials (false ceiling). 


e Double glazed window panes are used. These 
window panes have air between glass sheets 
that provides good insulation. 


Good conductors are used when quick transfer 


etc. are made of metals such as 
opper. Similarly, metal boxes are used 
, ice cream, etc. 


ors.or bad conductors are used in home 


à made up of wood or plastic. Airis 
ors or best insulator. That is why 
cavity walls i.e. t 
double glazed 

winter and cool in su 
wool, felt, fur, feathe 


eep the houses warm in 
Materials which trap air i.e. 
styrenes, fibre glass are 


pe: , hot water cylinders, 
oofs of houses. 
winter clothes. 


ovens, refrigerators, walls 
Woollen cloth is used to make 


EXAMPLE 9.1 


thermal energy will be conducted through 
value of k for bricks is 0.6 Wm" K”. 


SOLUTION 
Here A = 20m 
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=25cm =0.25m 
=35+273 =308K 
+273 =288K 
Tə 


DO YOU KNOW? 


288K =20K 


-1,1 


Using equation 
energy is 


i 
Feathers give good thermal 
insulation especially when fluffed 


up. 


9.3 CONVECTION 
Liquids and gases are poor coñduct 
However, heat is transferred through flui 
gases) easily by another method called conve 
Why a balloon inflated with hot air as fown) 
figure. 9.6 rises up? A liquid or a gas becomes lighter 
(less dense) as it expands on heating. Hot liquid or g 
rises up above the heated area. The cooler liquid or ga 
from the surroundings fills the place which in turns i 
heated up. In this way, all the fluid is heated up. 
Therefore, transfer of heat through fluids takes place by 


the actual movement of heated molecules from hot to 
cold parts of the fluid. 


rise up. Air becomes 
on heating. 


Transfer of heat by actual movement of molecules 
from hot place to a cold place is known as 
convection. 


EXPERIMENT 9.1 


Take a beaker and fill two-third of it with 
water. Heat the beaker by keeping a burner below it. 


Drop two or three crystals of potassium permanganate Figure 9.7: 
potassium permanganate are 


in the water. It will be seen that coloured streaks of water seq to show the movement O 


Cryst of 


formed by the crystals move upwards above the flame water on heating. 
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and then move downwards from side ways as shown in 
the figure 9.7. These coloured streaks show the path of 
currents in the liquid. Why the liquid currents stop on 
removing the burner under the beaker? When the 
water at the bottom of the beaker gets hot, it expands, 
becomes lighter and rises up. While the cold but 
denser water moves downward to take its place. 


CONVECTION CURRENTS IN AIR 

Gases also expand on heating, thus convection 
currents are easily set up due to the differences in the 
nsities of air at various parts in the atmosphere. This 
be observed by a simple experimental set up as 


Figure 9.8: Smoke showing 
the path of the convection. ; 
; help to warm our homes and offices. 


systems in buildings work on the same 
ction. Convection currents occur on 
ature. The day-to-day temperature 
changes in osphere result from the circulation 
of warm or cole ravels across the region. Land 
and sea breezes o the examples of convection 


a large 


currents. 
<< a LAND AND SEA B 9 
Why does sea sow during the day? 
is Cold Why does land breeze blowáf the ight? 


Land and sea _ breez re the result of 
Figure 9.9: Sea breeze blows convection. On a hot day, the temperature of the land 
from sea to land in daytime. : F . 
increases more quickly than the sea. It 
specific heat of land is much small 
water. The air above land gets hot 


Therefore, air above the sea is warmer, rises u 
Figure 9.10: Land breeze blows the cold air from the land begins to move towards th 
from land to sea during night. sea as illustrated in figure 9.10. It is called land bree 
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How do the land and sea breezes help to keep the 
temperature moderate in coastal areas? 


GLIDING 
Whatscauses a glider to remain in air? 


A gliderssuch as shown in figure 9.11 looks like a 
small aeroplane withoutengine. Glider pilots use upward 
movement of hot aif currents due to convection of heat. 
These rising currents of hot air are called thermals. 
Gliders ride over these.thermals. The upward movement 
of air currents in thermals;help them to stay in air for a 
long period. 


How do thermals help birds to fly for hours without 
flapping their wings? 


The birds stretch out their wings and circle in 
these thermals. The upward movementof air helps birds 
to climb up with it. Eagles, hawks and vultures are expert 
thermal climbers. After getting a free lift, birds are able 
to fly for hours without flapping their wings. They_glide Figure 9.12: Birds fiy taking the 
from one thermal to another and thus travel through large advantage of thermal air 
distances and hardly need to flap their wings. curments: 


wavelength: 
9.4 RADIATION <tt> 
Our Sun is the major source of heat energy. But 
how does this heat energy reach the Earth? It reaches us 
neither by conduction nor by convection, because the infrared 
space between the Sun and the Earth's atmosphere is EW 
empty. There is a third mode called radiation by which 
heat travels from one place to another. It is through 
radiation that heat reaches us from the Sun. 


Radiation is the mode of transfer of heat from one 
place to another in the form of waves called light 
electromagnetic waves. (visible) 


How does this heat reach us directly from Figure 9.13: Thermal radiations 
a fireplace? Figure 9.14 shows a fireplace such aS  andvisible light spectrum. 
used for room heating. Heat does not reach us by 
conduction through air from a fireplace because air is a 
poor conductor of heat. Heat does not reach us by 
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convection because the air getting heat from the fireplace 
does not move in all directions. Hot air moves upward 
from the fireplace. Heat from the fireplace reaches us 
directly by a different process in the form of waves called 
radiation. Asheet of paper or cardboard kept in the path of 
radiations stop these waves to reach us. 


Radiations are emitted by all bodies. The rate at 
which radiations are emitted depends upon various 
factors such as 


e Colour and texture of the surface 


e Surface temperature 
e Surface area 


Figure 9.14: Heat from) the. 
fireplace reaches us. N 
radiation. 


A » Why does a cup of hot tea become cold after 
sofetime? Why does a glass of chilled water become hot 
after sometime? 


i “AMi the objects, lying inside a room including the 
walls, roof. and floor of the room are radiating heat. 
However they are also absorbing heat at the same time. 
When temperature of an object is higher than its 
surroundings then it is radiating more heat than it is 
absorbing. As a result, its temperature goes on 
decreasing till it bécomes equal to its surroundings. At 
this stage, the body is giving out the amount of heat equal 
to the amount of heat iti is absorbing. 


When temperate fe ofsan object is lower than its 
surroundings, then itis ‘Tadiating less heat than it is 
absorbing. As a result, its temperature goes on increasing 
till it becomes equal to its surroundings. The rate at which 
various surfaces emit heat‘ depends, upon the nature of 
the surface. Various surfaces FE be E using 
Leslie's cube. 7” g 


Emission and Absorption of Raldiation= N 


Hot water A Leslie cube is a metal box havit faces of 
E different nature as shown in figure 9.15, The four joues of 
Leslie's cube may be as follows: f 
Shining A P 
ee = 1 ° Ashining silvered surface “\.. 
2 e A dull black surface 
Radiation Galvanometer ; 
detector e Awhite surface 
Figure 9.15: Radiations from 
Leslie's:ċube. ° A coloured surface 
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Hot water is filled in the Leslie's cube and is 
placed with,one of its face towards a radiation detector. It 
is found that black dull surface is a good emitter of heat. 

The rate at which various surfaces absorb heat 
also dependseupon the nature of those surfaces. For 


Thermometer. 


example, take two surfaces, one is dull black and the Z Dull 


black White 


other is a silver polished surface as shown in figure 9.16 

with a candle at the middle.of the surface. It is found that: 
A dull black surface is a good absorber of heat as 

its temperature rises rapidly. 1y 
A polished surface is poor absorber of heat as its < i 

temperature rises very slowlysThe observations made 

from the set up shown in figure 9.16 are shown in the 

table given below: 


Figure 9.16: A comparison of 
absorption of radiation. 


It is also found that the transfer of heat «by 
radiation is also affected by the surface area of the body 
emitting or absorbing heat. Larger is the area, greater will 
be the transfer of heat. It is due to this reason that large 
numbers of slots are made in radiators to increase their 
surface area. 

GREENHOUSE EFFECT 


How dos the temperature in a greenhouse can be 
maintained? 

Light from the Sun contains thermal radiations 
(infrared) of long wavelengths as well as light and 
ultraviolet radiations of short wavelengths. Glass and 
transparent polythene sheets allow radiations of short 
wavelength to pass through easily but not long 
wavelengths of thermal radiations. Thus, a greenhouse 
becomes a heat trap. Radiations from the Sun pass 
easily through glass and warms up the objects in a 
greenhouse. These objects and plants such as 
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shown in figure 9.17give out radiations of much longer 


are KY, tis, SEs a 
igure 9.17: A greenhouse 


do not allow them to escape out easily and are reflected 
back in the greenhouse. This maintains the inside 


promises better g some plants. 

Carbon dio d water also behave in a 
similar way to radi s glass or polythene. 
Earth's atmosphere c ins carbon dioxide and water 
vapours. It causes gr 
figure 9.18 and thus maintai temperature of the 


temperature o wh ojsomep Greenhouse effect 
O 


The Greenhouse Effect 


Some Earth’s surface is 
energy is heated by the sun 
reflected and radiates thi 
back out heat back out 

to space towards space 


‘Solar energy 
from the sun 
Passes through 
the atmosphere 


Figure 9.18: Greenhouse effect in global warming. 
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‘Earth. During the recent years, the percentage of carbon 

dioxide-fas been increased considerably. This has 
caused, fn. increase in the average temperature of the 
Earth by trapping more heat due to greenhouse effect. 
This phenofnenon | is known as global warming. This 
has serious implications for the global climate. 


9.5 APPLICATION: AND 
CONSEQUENCES OF RADIATION 

Different objects absorb different amounts of 
heat radiations falling upon them reflecting the remaining 
part. The amount of heat absorbed. by a body depends po een 
upon the colour and nature of its surface. A black and 
rough surface absorbs more. heat ‘than a white or Sioa 
polished surface. Since good absorbers are also good 
radiators of heat. Thus, a black coloured’ body gets hot gases 


quickly absorbing heat reaching it during! a sunny day 


Silvered 


and also cools down quickly by giving out its, heat to its surfaces 
surroundings. The bottoms of cooking pots. are, prade 
black to increase the absorption of heat from fire. 4 IN 


Vacuum 


Like light rays, heat radiations also obey laws,of g E 
reflection. The amount of heat reflected from an object JA N Cork pad 
depends upon its colour and nature of the surface. White 4 
surfaces reflect more than coloured or black surfaces. 


In a thermos flask, 
the heat is prevented to 
Similarly, polished surfaces are good reflectors than « leave the flask. This is 


rough surfaces and reflection of heat radiations is greater 
from polished surfaces. Hence, we wear white or light 
coloured clothes in summer which reflect most of the 
heat radiation reaching us during the hot day. We polish 
the interior of the cooking and hot pots for reflecting back 
most of the heat radiation within them. 


SUMMARY rza 


> Heat flows from a body at 
higher temperature to a body 
at lower, temperature. 


> There are three ways of heat 


convection and radiation. 
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> pr hi of m x ais by > Birds are able to fly for hours without 
vibrating atoms and free electrons in i a 
solids font hotter to colder part of a napping their wings dhe toiheupward 
bodys called conduction of heat. j U of a, ii 
> ~The amount of heat that flows in unit $ emm Fe me Ew gans S 
timeis called the rate of flow of heat cont vere ss loner ene) Mon Me 
f surface of a body in the form of 
> The ratesat which heat flows through electromagnetic waves. 
solids depends on the cross- > Radiations are emitted by all bodies. 
sectional area of the solid, length The rate at which radiations are 
between fot and cold ends, emitted depends on various factors 
temperature difference between hot such as colour and texture of the 
and cold endsÍandànatûre of the surface, temperature and surface 
f rea. 
material. wee f 
> A dull black surface is a good 
> The rate of flow of heat across the absorber of heat as its temperature 
opposite faces of a metre cube rises rapidly. 
maintained at a differencesof 14K is > A polished surface is poor absorber of 
called the thermal conductivity of the : . 
heat as its temperature rises very 
material of the cube. 
slowly. 
> Good conductors are used for quick e , 
iränsfer of ROA: Thüs -cookers > Radiations from the Sun pass easily 
cooking plate, boiler, radiators and ihrougi glassipoalytnene and warms 
condensers of refrigerators etc. are ùp the materials inside a greenhouse. 
madeof metals The radiations given out by them are 
l off much longer wavelengths. 
> Wateris a poor conductor of heat. a 
GlaSs/polythene does not allow them 
> Materials which trap air are also bad to eScapé"out and thus maintains the 
conductors such as wool, felt, fur, insidef temperature of the 
feathers, polystyrenes and fibre greenhoušé. 
glass. > Earth's atmosphere contains carbon 
> Transfer of heat by actual movement dioxide and water vapours. It causes 
of molecules from hot place to a cold greenhouse effect and, thus retains 
place is known as convection. the temperature of the Earth. 
> Land and sea breezes are also the > The bottoms of cooking pots are 
examples of convection. made black to increase, the 
; absorption of heat from fire. 
Gliders USS yp Mane MOVEMENTO NOI > White surfaces reflect more heat than 


air currents due to convection of heat. 
Air currents help them to stay in air for 
along period. 


coloured or black surfaces. Similarly, 
polished surfaces are good reflectors 
than rough surfaces and reflection,of 
heat radiations is 
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greater from polished surfaces. 


Therefore, We wear white or light > 


coloured clothes in summer 


> We polish the interior of the cooking pots 
for reflecting back most of the heat 


radiation inside the hot pots. 

A thermos flask consists of a double- 
walled glass vessel. It reduces the 
transfer of heat by conduction, 
convection and radiation. 


QUESTIONS 


9.1 Encircle the correct answer from vy, 


the given choices: 


In solids, heat is transferred by: 

(a) radiation 

(b) conduction 

(c) convection 

(d) absorption 

What happens to the thermal 
conductivity of a wall if its thickness is 
doubled? ie 
(a) becomes double 

(b) remains the same 

(c) becomes half 

(d) becomes one fourth 

Metals are good conductor of heat 
due to the: 

(a) free electrons 

(b) big size of their molecules 

(c) small size of their molecules 

(d) rapid vibrations of their atoms 

In gases, heat is mainly transferred 
by 

a) molecular collision 

b) conduction 

c) convection 

d) radiation 


—_~—a~ ~~~ 


vii. 


viii. 


Convection of heat is the process of 
heat transfer due to the: 


(a) random motion of molecules 


(b) downward movement of 
molecules 


(c) upward movement of molecules 
(d) free movement of molecules 
False ceiling is done to 


(a) 


lower the height of ceiling 


(b) keep the roof clean 
(c) cool the room 
(d) insulate the ceiling 


Rooms_.are. heated using gas 
heaters by 


(a) 
(b) 
(c) 
(d) 
Land breeze blowsfrom 


(a) 


Conduction only 
Convection and radiation 
Radiation only 
Convection only 


sea to land during night 
(b) sea to land duringthe day 
(c) 

(d) land to sea during the day 


land to sea during night 
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s IX 


ich of the following is a good 
iator of heat? 


a shining silvered surface 


9.3 
(a) 


Explain why; 


a metal KEA touch 
than wood kepti cold 
place? 


land breeze blows from la 
towards sea? 


(b) 
(c) 


double walled glass ve 
used in thermos flask? 


IV 


(d) 
the day and soon get cold 
after sunset? 


9.1 The concrete roof of a house of 
thickness 20 cm has an area 
200 m°. The temperature inside 
the house is 15 °C and outside 
is 35°C. Find the rate at which 
thermal energy will be 
conducted through the roof. 
The value of k for concrete is 


0.65 Wm"K". (13000 Js”) 


Lia 
deserts soon get hot durin 


PROBLE} 


wo 


208 
9.4 


9.5 


9.6 


9.7 


Unit 9: Transfer of Heat 


Why conduction of heat does 
not take place in gases? 


What measures do you 
suggest to conserve energy 
inhouses? 


Why transfer of heat in fluids 
takes place by convection? 


What is meant by convection 
current? 


Suggest a simple activity to 
show convection of heat in 
gases not given in the book. 


How does heat reach us from 
the Sun? 


How various surfaces can be 
compared by a Leslie cube? 


What is greenhouse effect? 


Explain the impact of 
greenhouse effect in global 


e 
a) 


m by 2.5m when 
re is 25°C and 


thickness of g .8 cm and 
the value k for glass is 
0.8Wm"kK"? CO.” 
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